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(54) AMINOMETHYLPYRROLIDINE DERIVATIVES HAVING AROMATIC SUBSTITUENTS 

(57) This invention provides a quinolone derivative having potent antibacterial activity against various bacteria 
including drug-resistant strains which is a compound of the following fonnula wherein is an optionally substituted 
aromatic group, a salt of the same or a hydrate of both. 
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In thefonnula, R^, R^: hydrogen atom, an alkyi group; R*. R^: hydrogen atom, hydroxyl group, a halogen atom, 
carbamoyl group, an alky! group, an alkoxyl group, an alkylthio group; R7, R®: hydrogen atom, an alkyI group; R®: an 
alky! group, an alkenyl group, a halogenoalkyi group, a cyclic alkyi group, an aryl group, a heteroaryl group, an alkoxyl 
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group having from 1 to 6 carbon atoms, an alkylamino group; R''^: hydrogen atom, an alky(thio group; Rii: hydrogen 
atom, amino group, hydroxyl group, thiol group, a halogenomethyl group, an alkyi group, an alkenyl group, an alkynyl 
group, an alkoxyl group; X"*: halogen atom, a hydrogen atom; A"": nitrogen atom, C-X^; X^: hydrogen atom, amino 
group, a halogen atom, cyano group, an halogenomethyl group, a halogenomethoxyl group, an alkyI group, an alkenyl 
group, an alkynyl group, an alkoxyl group; A2, A3:>C=C(-Ai=)-N(-R®)-,>N-C(-A"'=)=C(-R^)-; R^o and R9 or R^ and X2 
may be Integrated to fomi a ring stmcture; and Y: hydrogen atom, ester fomiing group. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a synthetic quinolone antibacterial agent which is useful as a medicament, an animal 
drug, a drug for fishery use and an antibacterial preservative. 

[0002] That is, the invention relates to a synthetic quinolone antibacterial agent in which the structure of a substituent 
at the 7-position of the quinolone mother skeleton or a corresponding position (e.g., the 7-position of the 1 ,4-dihydro- 
4-oxoquinoline skeleton; the 10-position of 2,3-dihydro-7-oxo-7H-pyrido[1,2,3-de] [1 .4]benzoxa2ine skeleton or the 

10 like) exerts important influence upon the antibacterial activity, namely a quinolone derivative having a 3-[1 -amino- 
1 -aromatic group-substitutedlmethylpyn-olidin-l -yl group as a substituent which can provide excellent antibacterial ac- 
tivity, and to an antibacterial agent and an antibacterial pharmaceutical preparation, which contain the compound. 
[0003] It further relates to a synthetic quinolone antibacterial drug, namely a 3-[1 -amino-1 -aromatte group-substitut- 
edlmethylpyn-olidine, which has a structure that can provide excellent antibacterial activity and Is useful as a production 

15 intennediate, and to a protected compound thereof. 

BACKGROUND ART 

[0004] Since the discovery of norfloxacin, antibacterial activity and pharmacokinetics of synthetic quinolone antibac- 
20 terial agents have been sharply improved, and many compounds are now used in the clinical field as chemotherapeutic 
agents which are effective in almost systemic infectious diseases. 

[0005] In recent years, generation of bacteria having low sensitivity to synthetic quinolone antibacterial agents has 
been increasing in the field of clinics. For example, like the case oi Staphylococcus aureus (fsARSfii) and pneumococcus 
(PRSP) which are non-sensitive to ^-lactam antibiotk^s and enterococcus (VRE) which is non-sensitive to aminogly- 

25 coside antibacterial agents, a case has been increasing In which a Gram-positive bacterium originally resistant to drugs 
other than synthetic quinolone antibacterial agents also became low-sensitive to synthetic quinolone antibacterial 
agents. In consequence, development of a drug having further high efficacy has been called for in the field of clinics. 
[0006] Also, a side effect in which convulsions are induced when a non-steroidal anti-inflammatory drug is simulta- 
neously used, as well as other side effects such as phototoxicity and the like, have been revealed, so that development 

30 of a synthetic quinolone antibacterial agent having further high safety has also been called for In the field. 

[0007] It Is known that structures of substituents at the 7-position and 1 -position are greatly concerned in the anti- 
bacterial activity, phamnacokinetics and safety of synthetic quinolone antibacterial agents. It is already known that a 
quinolone derivative having 3-(aminomethyl)pyrrolidinyl group as the 7-position substituent shows strong antibacterial 
activity for Gram-negative and Gram-positive bacteria. For example, there is a 7- [3- (aminomethyl)pyrrolidin-l -yl) 

35 quinolonecart30xylic acid derivative [Journal of Medicinal Chemistry, vol. 29, p. 445 (1986)]. Also, a 7-[3-(1 -aminome- 
thyl)pyrrolldin-1-yl]qulnolonecarboxylk; acid derivative [Journal of Medicinal Chemistry, vol. 36, p. 871 (1993)], a 
7-[3-(1 -amino-1 -methylethyOpyn-olidin-l-yflquinolonecartJOxylic acid derivative [Journal of Medidnal Chemistry, vol. 
37, p. 733 (1 994)], a 7-[3-(1 -aminoalkyl)pyrrolidin-1 -yl] quinolonecarboxylic acid derivative [Chemical & Pharmaceutical 
Bulletin, vol. 42, p. 1442 (1994)] and the like are known as quinolonecarboxylic acid derivatives having a substituent 

40 on the aminomethyl group of 3-(aminomethyl)pyrrolidin-1-yl group. 

[0008] However, substituents on the aminomethyl group of cun-ently known 3- (aminomethyl)pyrrolidin-l-yl group 
are only alkyl groups, and a quinolone compound having an aromatic group as a substituent, which Is related to the 
present invention, is not known. 

[0009] Also, as a reference In which quinolonecariDoxyllc acid derivatives having a cyclic substituent on the ami- 
45 nomethyl group of 3-(amlnomethyl)pyrrolidin-1-yl group are exemplified, there is, for example, JP-W-3-502452 (the 
tenn "JP-W" as used herein means an "unexamined published Japanese international patent application"), and it de- 
scribes compounds represented by two general fomiulae shown below. However, the cyclic substituent on the ami- 
nomethyl group of 3-(aminomethyl)pyn'olidin-1 -yl group described in this document is limited to a cyclic alkyl, and there 
is no disclosure on the 3-[1 -amino-1 -aromatic group-substitutedlmethylpyn^olidin-l-yl group related to the invention. 

so 
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[In the above formula, R^^ is an alkyi group having from 1 to 4 carbon atoms, a vinyl group, a haloall<yl group, a 
hydroxyalkyi group having from 2 to 4 carbon atoms, a cycloalkyi group having from 3 to 6 carbon atoms, phenyl group 
or a phenyl group substituted with a halogen, an alkyI group, NH2 or OH, R"""^ is a straight, branched or cyclic lower 
alkyI group having from 1 to 3 carbon atoms, and is CH, CR CCI, CBr, N, CCF3, CNH2, CNO2, CR or COR' (in these 
fomiulae, R is a lower alkyI group and R' is hydrogen atom or a iower alky! gropp).] 
[0010] In the above fomriula, Z is 

20 



25 




(wherein m Is an integer of from 0 to 4, and R*^^ and R**^ are each independently a hydrogen atom, a lower alkyI group 
or a cycloaikyi group). In this connection, the definitions of substituents and the like in the above two general formulae 
are unrelated to those of the compound of the invention, even If the same symbols are used. 
35 [0011] In addition, JP-W-9-503783 discloses 2-pyridone carboxylic acid derivatives of 4H-4-oxoquinolizone skeleton 
and the like shown by the following formula. However, the quinolone compound of the invention having an aromatic 
substituent on the aminomethyl group moiety of 3- (aminomethyl)pyrrolidin-l -yl group related to the invention is not 
also exemplified in this document. 



45 



50 




HCI 



DISCLOSURE OF THE INVENTION 

55 

[0012] In view of the above, the inventors of the present application have conducted intensive studies with the aim 
of obtaining excellent quinolone compounds. As a result, it has been found absolutely unexpectedly that an aromatic 
group-substituted aminomethylpyrrolidine derivative represented by the fomiula (I) described below, its salts and hy- 
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drates thereof can show potent antibacterial activity upon a broad range of Gram-negatrve and Grann-positive bacteria 
including drug-resistant bacteria, thereby resulting in the accomplishment of the invention. 

[0013] The inventors have found that a compound represented by the fomnula (I) in which an aromatic group-sub- 
stituted aminomethylpyrrolidine derivative is introduced onto the 10-posltlon of 2,3-dihydro-3-(S)-methyl-7-oxo-7H-py- 

5 rido[1 ,2,3-de] [1 .4]benzoxazine skeleton or the 7-posltlon of 6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro- 
4-oxoquinoline skeleton, Its salts and hydrates thereof, having excellent safety, can show broad and excellent antibac- 
terial activity upon any one of Gram-negative and Gram-positive bacteria. At the same time, it was found that it can 
exert potent antibacterial activity upon drug-resistant Gram-posrtive bacteria Including MRSA, PRSP and VRE, which 
was not expected before the invention. 

10 [0014] Accordingly, the invention relates to a compound represented by the following fonnula (I), its salts and hydrates 
thereof 



IS 



20 




(wherein represents an aryl group having from 6 to 10 carbon atoms or a heteroaxyl group, 

25 wherein the heteroaryl group may be a five-membered ring or a six-membered ring and may contain from 1 to 4 

hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein these aryl group and heteroaryl group may have one or more substituents selected fran the group con- 
sisting of an alkyi group having from 1 to 6 carbon atoms, a halogen atom, hydroxyl group, thiol group, amino 
group, nitro group, cyano group, carboxyl group, carbamoyl group, phenyl group, an alkoxyl group having from 1 
30 to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 

6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl group may 
be a five-membered ring or a six-membered ring and may contain from 1 to 4 hetero atoms optionally selected 
from nitrogen atom, oxygen atom and sulfur atom), 

wherein the alkyI group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and het- 
35 eroaryl group among them may have one or more substituents selected from the group consisting of a halogen 

atom, hydroxyl group, an alkoxyl group having from 1 to 6 cariDon atoms and an alkylthio group having from 1 to 
6 cariDon atoms, and 

the amino group may have one or two substituents selected from the group consisting of fonmyl group, an alkyI 
group having from 1 to 6 carbon atoms, an acyl group having from 2 to 5 cartson atoms and an alkoxycarbonyl 
40 group having from 2 to 5 carbon atoms, 

R2 and R3 each independently represents hydrogen atom or an alkyI group having from 1 to 6 cartDon atoms, 
wherein the alkyI group may have one or more substituents selected from the group consisting of hydroxyl group, 
a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carison 
atoms, 

45 R4^ R5 and R6 each independently represents hydrogen atom, hydroxy! group, a halogen atom, cartDamoyI group, 

an alkyI group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, 

wherein the alkyt group among them may have one or more substituents selected from the groups consisting of 
hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, R^ and R® each independ- 
50 ently represents hydrogen atom or an alky I group having from 1 to 6 carbon atoms, 

Q represents a partial structure represented by the following formula 
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[wherein represents an alkyi group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon 
atonos, a halogenoalkyi group having from 1 to 6 carbon atoms, a cyclic alky! group having from 3 to 6 carbon atoms 
which may have a substituent, an aryl group which may have a substltuent, a heteroaryl group which may have a 
substituent, an alkoxyl group having from 1 to 6 carbon atoms or an alkylamino group having from 1 to 6 carbon atoms, 
R^o represents a hydrogen atom or an alkylthio group having 1 to 6 carbon atoms, 

wherein R1^ and the aforementioned R^ may be integrated to form a ring structure by incorporating a part of the 
mother skeleton, and the thus formed ring may contain a sulfur atom as a ring-constituent atom, and the ring may 
also have an alkyI group having from 1 to 6 carbon atoms as a substituent, 

R11 represents a hydrogen atom, an amino group, a hydroxyl group, a thiol group, a halogen omethyl group, an 
alkyI group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group 
having from 2 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon atoms, 

wherein the amino group may have one or two substituents selected from the group consisting of formyl group, 
an alky I group having from 1 to 6 carbon atoms and an acyl group having from 2 to 6 carbon atoms, 
when R*"*" is amino group, hydroxyl group or thiol group, they may be protected with a protective group, 
X"" represents a halogen atom or hydrogen atom, 

Ai represents nitrogen atom or a partial structure represented by a fomnula (II) 




(II) 



[wherein represents a hydrogen atom, an amino group, a halogen atom, a cyano group, a halogenomethyl 
group, a halogenomethoxyl group, an alkyI group having from 1 to 6 carbon atoms, an alkenyl group having from 
2 to 6 carbon atoms, an alkynyl group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 
carbon atoms, 

wherein the amino group among them may have one or two substituents selected from the group consisting of 
fomriyl group, an alkyI group having from 1 to 6 carbon atoms and an acyl group having from 2 to 5 carbon atoms, and 
X^ and the aforementioned R^ may be integrated to fonn a ring structure by incorporating a part of the mother 
skeleton, and the thus formed ring may contain an oxygen atom, a nitrogen atom or a sulfur atom as a ring- 
constituent atom, and the ring may also have an alkyI group having from 1 to 6 carbon atoms as a substituent], 
A2 and A3 each independently represents a nitrogen atom or a carbon atom, and A2 and A^ and the carbon atom, 
to which they are bonded, form a partial structure 

>C=C(-A^=)-N(-R®)- 

or a partial structure 

>N-C(-A^=)=C(-R®)- 

(wherein ">" means the presence of 2 bonds to the nitrogen atom or carbon atom, the same shall apply hereinafter), and 
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Y represents a hydrogen atom, a phenyl group, an acetoennethyl group, a pivaloyloxynnethyl group, an ethoxycarbonyl 
group, a choline group, a dimethylaminoethyl group, a 5-indanyl group, a phthalldiny! group, a 5-alkyl-2-oxo-1 ,3-dioxol- 
4-ylnnethyl group, a 3-acetoxy-2-oxobutyl group, an alkyi group having from 1 to 6 carbon atoms, an alkoxymethyl 
group having from 2 to 7 carbon atoms or a phenylalkyi group (composed of an alkylene group having from 1 to 6 
carbon atoms and a phenyl group)]}. 

[0015] The invention also relates to a compound of the formula (I), its salts or hydrates thereof, wherein Q in the 
fomnula (I) has a structure represented by fomiula: 



or formula: 




(wherein , R^, R''^, R^^ X"" and Y are as defined in the foregoing); a compound of the fomiula (I), its salts or hydrates 
thereof, wherein Q in the fomnula (i) has a structure represented by fomiula: 




(wherein R^, R^°, R■'^ X"" and Y areas defined in the foregoing) ; a compound of the formula (I), its salts or hydrates 
thereof, wherein Q In the fomiula (I) is 6-carboxy-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-pyrldo[1 ;2,3-de][1 .4]ben- 
zoxazln-1 0-yl group; [this Is represented by the following fomiula]: 
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a compound of the formula (i), its salts or hydrates thereof, wherein Q in the formula (I) is 8-amino-6-carboxy- 
9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-pyrido[1,2,3-de][1.4]benzoxazin-10-yl group; [this is represented by 
the following fomr^ula] : 




a compound of the formula (I), its salts or hydrates thereof, wherein Q in the fomnula (I) is 3-carboxy-6-f luoro- 
1 -[2-(S)-fluoro-1 -(R)-cyclopropyt]-1 ,4-dihydro-4-oxo-1 ,8-naphthyridin-7-yl group; [this is represented by the follow- 
ing formula]: 




COOH 



a compound of the fomiula (I), its salts or hydrates thereof, wherein Q In the formula (I) is 3-carboxy-8-chloro- 
6-fluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]-1 ,4-dihydro-4-oxoqulnolin-7-yl group; [this Is represented by the follow- 
ing formula]: 



O 




COOH 
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a compound of the formula (I), its salts or hydrates thereof, wherein Q in the fomriula (!) is 3-carboxy-6'fluoro- 
1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methoxy-1,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by the fol- 
lowing formula] : 



O 




COOH 



a compound of the formula (I), Its salts or hydrates thereof, wherein Q in the fomaula (I) is 3-carboxy-1-[2-(S)- 
fluoro-1-(R)-cyclopropyl]-8-methoxy-1 ,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by the following for- 
mula]: 




COOH 



a compound of the formula (I), its salts or hydrates thereof, wherein Q in the fonnula (1) Is 3-carboxy-6-fluoro- 
1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-difluoromethoxy-1 ,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by 
the following fonnula] : 




a compound of the fonnula (I), its salts or hydrates thereof, wherein Q In the formula (I) is 3-carboxy-1 -[2-(S) -f luoro- 
1-(R)-cyclopropyl]-8-difluoromethoxy-1.4-dihydro-4-oxoquinolin-7-yl group; [this is represented by the following 
fonnula]: 
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CCX)H 



a compound of the formula (I), its salts or hydrates thereof, wherein Q in the formula (I) Is 3-carboxy-6-fluoro- 
1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methyl-1,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by the follow- 
ing formula]: 




a compound of the formula (I), its salts or hydrates thereof, wherein Q in the formula (I) is 5-amino-3-carboxy- 
6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methoxy-1,4-dihydro-4-oxoquinolin -7-yl group; [this is represented 
by the following fomnula]: 




a compound of the fomriula (I), its salts or hydrates thereof, wherein Q in the formula (I) is 5-amino-3-carboxy- 
6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methyl-1 ,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by 
the following fomnula]: 
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a compound of the formula (i), its salts or hydrates thereof, wherein Q in the formula (I) is 5-amino-3-carboxy- 
6,8-difluoro-1 -[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-4-oxoquinolin-7-yl group; [this is represented by thefol- 
is lowing formula]: 



20 
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a compound of the formula (I), its salts or hydrates thereof, wherein R"" in the formula (I) is an aryl group having 
30 from 6 to 1 0 carbon atoms which may have a substituent; 

a compound of the formula (I), Its salts or hydrates thereof, wherein R"" in the fomnula (I) is an aryl group having 
from 6 to 10 carbon atoms which may have a substituent, and its aryl group moiety is phenyl group or naphthyl 
group; 

a compound of the formula (I), its salts or hydrates thereof, wherein R"" in the formula (I) is a heteroaryl group 
35 which may have a substituent; a compound of the formula (I), its salt thereof or a hydrate thereof, wherein R^ in 

the fomnula (I) is a heteroaryl group which may have a substituent, and its heteroaryl group moiety is furyl group, 
thienyl group, pyrrolyl group, oxazolyl group, isoxazotyl group, thiazolyl group, isothiazolyl group, imidazolyl group, 
pyrazotyl group, furazanyl group, pyridyl group, pyrazinyl group, pyrimidyl group, pyrldazinyl group, triazinyl group 
or tetrazinyl group; 

40 a compound of the fonnula (I), its salts or hydrates thereof, wherein the compound of formula (I) is a stereochem- 

ically pure compound; 

a compound of the formula (I), its salts or hydrates thereof, wherein R^ is a cyclopropyl group having a halogen 
atom as a substituent; 

a compound of the formula (I), its salts or hydrates thereof, wherein the cyclopropyl group having a halogen atom 
45 as a substituent is a 1 ,2-cis-halogenocyclopropyl group; 

a compound of the formula (I), its salts or hydrates thereof, wherein the cyclopropyl group having a halogen atom 
as a substituent is a stereochemically pure substituent; 

a compound of the formula (I), its salts or hydrates thereof, wherein the cyclopropyl group having a halogen atom 
as a substituent is a (1 R,2S)-2-halogenocyclopropyl group; 
50 a compound of the fonnula (I), its salts or hydrates thereof, wherein halogen atom of the cyclopropyl group having 

a halogen atom as a substituent is fluorine atom; 

a compound of the formula (I), its salts or hydrates thereof, wherein each of R*. R5, R6, r7 and R^ in the formula 
(I) is hydrogen atom; 

a compound of the fomiula (I), its salts or hydrates thereof, wherein R1 in the formula (I) is an aryl group having 
S5 from 6 to 1 0 carbon atoms which may have a substituent or a heteroaryl group of five-membered ring or six- 

membered ring which contains from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen atom and 
sulfur atom and may have a substituent; 

a compound of the fonnula (I), its salts or hydrates thereof, wherein R1 is phenyl group or naphthyl group; 
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a compound of the formula (t), its salts or hydrates thereof, wherein Ri is fury! group, thienyl group, pyrrolyl group, 
oxazolyl group, isoxazofyl group, thiazolyl group, isothiazolyl group, imidazolyl group, pyrazolyl group, furazanyl 
group, pyridyl group, pyrazinyl group, pyrimidyl group, pyrldazinyl group, triazinyl group ortetrazinyl group; 
a medicament which comprises a compound of formula (I), its salts or hydrates thereof as an active ingredient; 
5 an antibacterial agent which comprises a compound of formula ((), its salts or hydrates thereof as an active ingre- 

dient; 

a therapeutic agent for an infectious disease, which comprises a compound of formula (I), its salts or hydrates 
thereof as an active ingredient; 

a method for treating a disease, which comprises administering a compound of fomnula (I), its salts or hydrates 
10 thereof; 

a method for treating an Infectious disease, which comprises administering a compound of fomnula (I), its salts or 
hydrates thereof ; 

a method for producing a medicament, which comprises formulating a compound of fomnula (I), Its salts or hydrates 
thereof as an active ingredient; 
IS a method for producing an antibacterial agent, which comprises formulating a compound of formula (I), its salts or 

hydrates thereof as an active ingredient; 

a method for producing an infectious disease treating agent, which comprises fonnulating a compound of formula 
(I), its salts or hydrates thereof as an active ingredient; 

use of a compound of formula (I), Its salts or hydrates thereof In producing a medicament; 
^ use of a compound of formula (I), its salts or hydrates thereof in producing an antibacterial agent; 

use of a compound of formula (I), Its salts or hydrates thereof in producing an infectious disease treating agent; 
and so on. 

[0016] The invention also relates to each of the following items. That is, a compound represented by the following 
25 formula, its salts and hydrates thereof 



30 




[wherein represents an aryl group having from 6 to 10 carbon atoms or a heteroaryl group, 

40 wherein the heteroaryl group may be a five-membered ring or a six-membered ring and may contain from 1 to 4 

hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein these aryl group and heteroaryl group may have one or more substltuents selected from the group con- 
sisting of a halogen atom, hydroxy! group, thiol group, amino group, nitro group, cyano group, carboxyl group, 
carbamoyl group, phenyl group, an alkyl group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 
45 to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 

6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl group may 
be a five-membered ring or a six-membered ring and contain from 1 to 4 hetero atoms optionally selected from 
nitrogen atom, oxygen atom and sulfur atom), 

wherein the alkyl group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and het- 
50 eroaryl group among them may have one or more substltuents selected from the group consisting of a halogen 

atom, hydroxyl group, an alkoxyl group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 
6 carbon atoms, and 

the amino group may have one or two substltuents selected from the group consisting of formyl group, an alkyl 
group having from 1 to 6 carbon atonns, an acyl group having from 2 to 5 carbon atoms and an alkoxycarbonyl 
55 group having from 2 to 5 carbon atoms, 

^222 represents hydrogen atom, an alkyl group having from 1 to 6 carbon atoms or a protective group of an 
amino group, 
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R3 represents hydrogen atom or an alkyi group having from 1 to 6 carbon atoms, 

wherein the all<yl group of R222 and R3 may have one or more substituents selected from the group consisting of 
hydroxyl group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having 
5 from 1 to 6 carbon atoms, 

R^, and R^ each independently represents hydrogen atom, hydroxyl group, a halogen atom, carbamoyl group, 
an alkyI group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, 

wherein the alkyI group among them may have one or more substituents selected from the group consisting of 
10 hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, R^ and R^ each Independ- 

ently represents hydrogen atom or an alkyI group having from 1 to 6 carbon atoms, and 
Q' represents a protective group of an amino group]; 

the compound of the above formula, its salts or hydrates thereof, wherein the protective group of an amino group 
Is a protective group selected from group consisting of an alkoxycarbonyl group which may have a substltuent, an 
15 aralkyloxycarbonyl group which may have a substituent, an acyl group which may have a substltuent, an alkyI 

group which may have a substltuent, an aralkyl group which may have a substituent and substituted sllyl groups; 
the compound of the above fomiula, its salts or hydrates thereof, wherein the protective group of an amino group 
is a protective group selected from the group consisting of tert-butoxycarbonyl group, 2,2,2-trk;hloroethoxycarbonyl 
group and the like alkoxycarbonyl groups; benzyloxycarbonyi group, para-methoxybenzyloxycarbonyl group, para- 
ge nitrobenzyloxycarbonyl group and the like aralkyloxycarbonyl groups; acetyl group, methoxyacetyl group, trifluor- 
oacetyl group, chloroacetyl group, pivaloyi group, formyl group, benzoyl group and the like acyl groups; tert-butyl 
group, benzyl group, para-nltrobenzyl group, para-methoxybenzyl group, triphenylmethyl group and the like aikyi 
groups or aralkyl groups; methoxymethyl group, tert-butoxymethyl group, tetrahydropyranyl group, 2,2,2-trlchlo- 
roethoxymethyl group and the like ethers; and trimethylsilyl group, isopropyidimethylsilyl group, tert-butyldimeth- 
25 ylsilyl group, tribenzylsilyl group, tert-butyldiphenylsilyl group and the like substituted silyl groups; the compound 
of the above formula, Its salts or hydrates thereof, wherein R222 and Q' are not the same; 
the compound of the above formula, Its salts or hydrates thereof, wherein R"" Is an aryl group having from 6 to 1 0 
carbon atoms which may have a substituent; 

the compound of the above formula, Its salts or hydrates thereof, wherein R"" is an aryl group having from 6 to 1 0 
30 carbon atoms which may have a substituent, and its aryl group moiety is phenyl group or naphthyl group; 

the compound of the above fonnula, its salts or hydrates thereof, wherein R^ is a heteroaryl group which may have 
a substituent; 

the compound of the above formula, Its salts or hydrates thereof, wherein R"" Is a heteroaryl group which may have 
a substituent, and Its heteroaryl group moiety Is furyl group, thienyl group, pyrrolyl group, oxazolyl group, isoxazolyl 
55 group, thiazolyl group, isothiazolyl group, imidazolyl group, pyrazolyl group, furazanyl group, pyridyl group, pyrazi- 

nyl group, pyrimidyl group, pyridazinyl group, triazinyl group ortetrazinyl group; 

the compound of the above formula, Its salts or hydrates thereof, wherein the each of R*, R^, R^, r7 and R® is 
hydrogen atom; 
and so on. 

40 

[0017] The invention also relates to each of the following items. That is, a compound represented by the following 
fonmula, its salts and hydrates thereof 




55 [wherein R"" represents an aryl group having from 6 to 1 0 carbon atoms or a heteroaryl group, 

wherein the heteroaryl group may be a five-membered hng or a six-membered ring and may contain from 1 to 4 
hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 
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wherein these aryi group and heteroaryl group may have one or more substituents selected from the group con- 
sisting of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl group, 
carbamoyl group, phenyl group, an alky! group having fran 1 to 6 carbon atoms, an alkoxyl group having from 1 
to 6 carbon atoms, an allylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 
5 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl group may 

be a five-membered ring or a six-membered ring and contain from 1 to 4 hetero atoms optionally selected from 
nitrogen atom, oxygen atom and sulfur atom), 

wherein the alkyi group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and het- 
eroaryl group among them may have one or more substituents selected from the group consisting of a halogen 
10 atom, hydroxyl group, an alkoxyl group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 

6 carbon atoms, 

the amino group may have one or two substituents selected from the group consisting of fomiyl group, an alkyI 
group having from 1 to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and an alkoxycarbonyl 
group having from 2 to 5 carbon atoms, 
15 R222 represents hydrogen atom, an alkyI group having from 1 to 6 carbon atoms or a protective group of an amino 

group, 

r3 represents hydrogen atom or an alky I group having from 1 to 6 carbon atoms, 

wherein the alkyI group of and may have one or more substituents selected from the group consisting of 
hydroxyl group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having 
20 from 1 to 6 carbon atoms, 

R"*, R5 and R® each independently represents hydrogen atom, hydroxyl group, a halogen atom, carbamoyl group, 
an alkyI group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, 

wherein the alkyI group among them may have one or more substituents selected from the group consisting of 
25 hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, and 

R7 and R^ each Independently represents hydrogen atom or an alkyI group having from 1 to 6 carbon atoms]; 

the compound of the above fonnula, its salts or hydrates thereof, wherein the protective group of an amino group 
30 is a protective group selected from group consisting of an alkoxycarbonyl group which may have a substituent, an 

aralkyloxycarbonyl group which may have a substituent, an acyl group which may have a substituent, an alkyI 
group which may have a substituent, an aralkyi group which may have a substituent and substituted silyl groups; 
the compound of the above formula, its salts or hydrates thereof, wherein the protective group of an amino group 
Is a protective group selected from the group consisting of tert-butoxycarbonyl group, 2,2,2-trichloroethoxycarbonyl 
35 group and the like alkoxycarbonyl groups; benzyloxycarbonyl group, para-methoxybenzyloxycarbonyl group, para- 

nitrobenzyloxycarbonyl group and the like aralkyloxycarbonyl groups; acetyl group, methoxyacetyl group, trifluor- 
oacetyl group, chloroacetyl group, pivaloyi group, formyl group, benzoyl group and the like acyl groups; tert-butyl 
group, benzyl group, para-nitrobenzyl group, para-methoxybenzyl group, triphenylmethyl group and the like alkyI 
groups or aralkyi groups; methoxymethyl group, tert-butoxymethyl group, tetrahydropyranyl group, 2,2,2-trichlo- 
40 roethoxymethyl group and the like ethers; and trimethylsilyl group, isopropyldimethylsilyl group, tert-butyldimeth- 

ylsilyl group, tribenzylsilyl group, tert-butyldiphenylsilyl group and the like silyl groups; 

the compound of the above fonnula, its salts or hydrates thereof, wherein Ri Is an aryl group having from 6 to 10 
carbon atoms whk:h may have a substituent; 

the compound of the above fonnula, its salts or hydrates thereof, wherein R*" Is an aryl group having from 6 to 10 
45 carbon atoms which may have a substituent, and its aryl group moiety Is phenyl group or naphthyl group; 

the compound of the above fonnula, its salts or hydrates thereof, wherein R"" is a heteroaryl group which may have 
a substituent; 

the compound of the above formula, its salts or hydrates thereof, wherein R1 Is a heteroaryl group which may have 
a substituent, and its heteroaryl group moiety is furyl group, thienyl group, pyrrolyl group, oxazolyl group, isoxazolyl 
50 group, thiazolyl group, isothiazolyl group, imidazolyl group, pyrazolyl group, furazanyl group, pyridyl group, pyrazi- 

nyl group, pyrimidyl group, pyridazinyl group, triazinyl group ortetrazlnyl group; 

the compound of the above fonnula, its salts or hydrates thereof, wherein the each of R^, R*. R®, R^ and R® is 
hydrogen atom; 
and so on. 

55 

[0018] The invention also relates to a method for producing a quinolone compound, which comprises removing Q' 
from a compound represented by the following fonnula, its salts and hydrates thereof 
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[wherein represents an aryl group having from 6 to 10 carbon atoms or a heteroaryl group, 

wherein the heteroaryl group may be a five-membered ring or a six-membered ring and may contain from 1 to 4 
hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein these aryl group and heteroaryl group may have one or more substituents selected from the group con- 
sisting of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl group, 
carbamoyl group, phenyl group, an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 
to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 
6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl group may 
be a five-membered ring or a six-membered ring and contain from 1 to 4 hetero atoms optionally selected from 
nitrogen atom, oxygen atom and sulfur atom), 

wherein the alkyI group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and het- 
eroaryl group among them may have one or more substituents selected from the group consisting of a halogen 
atom, hydroxyl group, an alkoxyl group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 

6 carbon atoms, 

the amino group may have one or two substituents selected from the group consisting of fonnyl group, an alkyI 
group having from 1 to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and an alkoxycarbonyl 
group having from 2 to 5 carbon atoms, 

R222 represents hydrogen atom, an alkyI group having from 1 to 6 carbon atoms or a protective group of an amino 
group, 

R3 represents hydrogen atom or an alkyI group having from 1 to 6 carbon atoms, 

wherein the alkyI group of R222 and R^ may have one or more substituents selected from the group consisting of 
hydroxyl group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having 
from 1 to 6 carbon atoms, 

R**, R5 and R^ each independently represents hydrogen atom, hydroxyl group, a halogen atom, carbamoyl group, 
an alkyI group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, 

wherein the alkyI group among them may have one or more substituents selected from the group consisting of 
hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, R^ and R^ each Independ- 
ently represents hydrogen atom or an alkyI group having from 1 to 6 carbon atoms, and 
Q' represents a protective group of an amino group], 
if necessary, isolating and purifying 

and then allowing it to react with a compound of fomula (III) : 




(III) 



[wherein represents a halogen atom or hydrogen atom, 
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represents a substituent having a function as a leaving group, such as fluorine atom, chlorine atom, bromine 
atom, a substituted or unsubstituted phenylsulfonyl group or a substituted or unsubstituted alkylsulfonyl group 
having from 1 to 3 carbon atoms, 

y represents hydrogen atom, phenyl group, acetoxymethyl group, pivaloyloxymethyl group, ethoxycarbonyl 
group, choline group, dimethylaminoethyl group, 5-indanyl group, phthalidinyl group, 5-alkyl-2-oxo-1 ,3-dioxol-4-yl- 
methyl group, 3-acetoxy-2-oxobutyl group, an alky! group having from 1 to 6 carton atoms, an alkoxymethyl group 
having from 2 to 7 carbon atoms or a phenylalkyi group (composed of an alkylene group having from 1 to 6 carbon 
atoms and phenyl group), or a boron-containing substituent represented by formula (IV): 



(wherein each of V'' and represents fluorine atom or an alkylcarbonyloxy group having from 2 to 4 carbon 
atoms), 

r9 represents an alkyl group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, 
a halogenoalkyi group having from 1 to 6 carbon atoms, a cyclic alkyl group having from 3 to 6 carbon atoms which 
may have a substituent, an aryl group which may have a substituent, a heteroaryl group which may have a sub- 
stituent, an alkoxyl group having from 1 to 6 carbon atoms or an alkylamino group having from 1 to 6 carbon atoms, 
R'lO represents hydrogen atom or an alkylthio group having 1 to 6 carbon atoms, 

wherein R^o and the aforementioned R^ may be integrated to fomn a ring structure by incorporating a part 
of the mother skeleton, and the thus formed ring may contain a sulfur atom as a ring-constituent atom, and the 
ring may also have an alkyl group having from 1 to 6 carbon atoms as a substituent, 
Rii represents hydrogen atom, amino group, hydroxyl group, thiol group, 

a halogenomethyl group, an alkyl group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 
carbon atoms, an alkynyl group having fran 2 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon atoms, 

wherein the amino group may have one or two substituents selected from the group consisting of formyl group, 
an alkyl group having from 1 to 6 cartDon atoms and an acyl group having from 2 to 6 carbon atoms, 
when R^Ms amino group, hydroxyl group or thiol group, they may be protected with a protective group, 
Ai represents nitrogen atom orapartial structure represented by fomiula (M): 



[wherein represents hydrogen atom, amino group, a halogen atom, cyano group, a halogenomethyl group, a hal- 
ogenomethoxyl group, an alkyl group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon 
atoms, an alkynyl group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 carbon atoms, 

wherein the amino group among them may have one or two substituents selected from the group consisting of 
fomayl group, an alkyl group having from 1 to 6 carbon atoms and an acyl group having from 2 to 5 carbon atoms, and 
[0019] X2 and the aforementioned may be integrated to form a ring structure by incorporating a part of the mother 
skeleton, and the thus formed ring may contain an oxygen atom, a nitrogen atom or a sulfur atom as a ring-constituent 
atom, and the ring may also have an alkyl group having from 1 to 6 carison atoms as a substituent)], 
or with a compound represented by fomnula (V): 



-B(Y^^)Y^^ 



(IV) 




(XI) 
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5 




(wherein , X*, R^, R^o, R1^ and Y are as defined in the foregoing), in the presence of a base and further carrying 
out deprotection if necessary. 

[0020] The invention also relates to a method for producing a quinolone compound, which comprises aliowing a 
15 compound represented by the following formula, its salts and hydrates thereof 




30 

(wherein R"* represents an aryl group having from 6 to 10 carbon atoms or a heteroaryl group, 

wherein the heteroaryl group may be a five-membered ring or a six-membered ring and may contain from 1 to 4 
hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 

35 wherein these aryl group and heteroaryl group may have one or more substituents selected from the group con- 

sisting of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl group, 
carbamoyl group, phenyl group, an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 
to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 
6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (the heteroaryl group may 

40 be a five-membered ring or a six-membered ring and contain from 1 to 4 hetero atoms optionally selected from 

nitrogen atom, oxygen atom and sulfur atom), 

wherein the alkyi group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and het- 
eroaryl group among them may have one or more substituents selected from the group consisting of a halogen 
atom, hydroxyl group, an alkoxyl group having from 1 to 6 carbon atoms and an alkylthio group having from 1 to 
45 6 carbon atoms, 

the amino group may have one or two substituents selected from the group consisting of fomiyl group, an alkyi 
group having from 1 to 6 carbon atoms, an acyl group having from 2 to 6 carbon atoms and an alkoxycarbonyl 
group having from 2 to 5 carbon atoms, 

R222 represents hydrogen atom, an alkyi group having from 1 to 6 carbon atoms or a protective group of an amino 
50 group, 

R3 represents hydrogen atom or an alkyi group having from 1 to 6 carbon atoms, 

wherein the alkyi group of R222 and R^ may have one or more substituents selected from the group consisting of 
hydroxyl group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having 
from 1 to 6 carbon atoms, 

55 R4^ R5 and R® each independently represents hydrogen atom, hydroxyl group, a halogen atom, carbamoyl group, 

an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, 

wherein the alkyi group among them may have one or more substituents selected fromn the group consisting of 
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hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, and 

and each independently represents hydrogen atom or an alkyi group having from 1 to 6 carbon atoms) 
to react with a compound represented by formula (III) : 




(III) 



[wherein Xi represents a halogen atom or hydrogen atom, 

represents a substituent having a function as a leaving group, such as fluorine atom, chlorine atom, bromine 
atom, a substituted or unsubstituted phenylsulfonyl group or a substituted or unsubstituted alkylsulfonyl group 
having from 1 to 3 carbon atoms, 

Y"* represents hydrogen atom, phenyl group, acetoxymethyl group, pivaloyloxymethyl group, ethoxycarbonyl 
group, choline group, dimethylaminoethyl group, 5-indanyl group, phthalidinyl group, 5-allcyl-2-oxo-1 ,3-dloxol^-yl- 
methyl group, 3-acetoxy-2-oxobutyl group, an alkyI group having from 1 to 6 carbon atoms, an alkoxymethyl group 
having from 2 to 7 carbon atoms or a phenylalkyi group composed of an alkylene group having from 1 to 6 carbon 
atoms and phenyl group, or a boron-containing substituent represented by fonnula (IV): 

-B(Y^^)Y^^ (IV) 

(wherein each of Y"""" and Y"'^ represents fluorine atom or an alkylcarbonyloxy group having from 2 to 4 carbon 
atoms), 

represents an alkyI group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, 
a halogenoalkyi group having from 1 to 6 carbon atoms, a cyclic alkyI group having from 3 to 6 carbon atoms whk>h 
may have a substituent, an aryl group which may have a substituent, a heteroaryl group whk:h may have a sub- 
stituent, an alkoxyl group having from 1 to 6 carbon atoms or an alkylamino group having from 1 to 6 carbon atoms, 
R*'o represents hydrogen atom or an alkylthio group having 1 to 6 carbon atoms, 

wherein H^^ and the aforementioned may be integrated to form a ring structure by incorporating a part 
of the mother skeleton, and the thus formed ring may contain sulfur atom as a ring-constituent atom, and the ring 
may also have an alkyI group having from 1 to 6 carbon atoms as a substituent, 

R**^ represents hydrogen atom, amino group, hydroxy! group, thiol group, a halogenomethyl group, an alkyI group 
having fran 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group having from 
2 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon atoms, 

wherein the amino group may have one or two substituents selected from the group consisting of formyl group, 
an alkyI group having from 1 to 6 carbon atonns and an acyl group having from 2 to 6 carbon atoms, 
when Rii is amino group, hydroxyl group or thiol group, they may be protected with a protective group, 
Ai represents nitrogen atom or a partial structure represented by fomnula (II): 



Y 
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(wherein represents hydrogen atom, amino group, a halogen atom, cyaoo group, a halogenomethyl group, a hal- 
ogenomethoxyl group, an alkyi group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon 
atoms, an alkynyl group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 carbon atoms, 

5 wherein the amino group among them may have one or two substituents selected from the group consisting of 

fomriyl group, an alky! group having from 1 to 6 carbon atoms and an acyl group having from 2 to 5 carbon atoms, and 
X2 and the aforementioned may be integrated to fomri a ring structure by incorporating a part of the mother 
skeleton, and the thus fomned ring may contain oxygen atom, nitrogen atom or sulfur atom as a ring-constituent 
atom, and the ring may also have an alkyi group having from 1 to 6 carbon atoms as a substituent)], 

10 

or with a compound represented by formula (V) : 



Q 



20 




25 (Wherein X*" , X"*, R®, R^^, R", and Y are as defined in the foregoing), in the presence of a base and further carrying 
out deprotection as occasion demands. 

(Mode for Can7lng Out the Invention) 

30 [0021] The substituents of the compound of the Invention represented by formula (I) are described. 

[0022] The substituent R^ is an aromatic group (an aromatic substituent). The compound of the invention Is charac- 
terized in that an aromatic substituent is present at this position. This aromatic substituent may be either a hydrocarijon 
group (an aryl group) or a heterocyclic group (a heteroaryl group). In the case of a hydrocarbon group, it may be either 
monocyclic or bicyclic. In the case of a heterocyclic group, it may also be either monocyclic or bicyclic. In the case of 

35 a monocyclic heterocyclic group, it is a five-membered ring or six-membered ring, and in the case of a bicyclic hete- 
rocyclic group, It Is a benzo-fused ring system or other than that and a 6-5 fused ring system or a 6-6 fused ring system 
can be exemplified. Also, in the case of the heterocyclic system, the hetero atom to be contained is from 1 to 4 optionally 
selected from nitrogen atom, oxygen atom and sulfur atom. 

[0023] That is, the substituent is an aromatic substituent such as an aryl group having from 6 to 1 0 carbon atoms 
40 or a heteroaryl group. 

[0024] In this case, the heteroaryl group is a five-membered ring or a six-membered ring and may contain from 1 to 
4 hetero atoms qptionally selected from nitrogen atom, oxygen atom and sulfur atom. 

[0025] These atyl group and heteroaryl group may have one or more substituents selected from the group consisting 
of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl group, carbamoyl 

45 group, phenyl group, an alkyi group having from 1 to 6 cartDon atoms, an alkoxyl group having from 1 to 6 carbon atoms, 
an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group having from 2 to 6 carbon atoms, an acyl 
group having from 2 to 5 cariDon atoms and a heteroaryl group (a five-membered ring or a six-membered ring, whteh 
contains from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom). 
[0026] The alkyi group, alkoxyl group, alkylthio group, alkoxycartjonyl group, acyl group, phenyl group and heteroaryl 

so group as substituents on the aryl group or heteroaryl group may have one or more substituents selected from the group 
consisting of a halogen atom, hydroxyl group, an alkoxyl group having fran 1 to 6 cariDon atoms and an alkylthio group 
having fran 1 to 6 carbon atoms. 

[0027] Also, the amino group may have one or two substituents selected fran the group consisting of fomnyl group, 
an alkyi group having from 1 to 6 cartaon atoms, an acyl group having from 2 to 5 carbon atoms and an alkoxycarbonyl 
55 group having from 2 to 5 carison atoms. 

[0028] As the aryl group having from 6 to 10 cariDon atoms as the aromatic substituent. phenyl group, pentalenyl 
group, naphthyl group, azulenyl group and the like canbe exemplified, of which phenyl group, 1-naphthyl group and 
2-naphthyl group are preferred. 
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[0029] As the heteroaryl group of a five-membered ring or a six-membered ring which contains from 1 to 4 hetero 
atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, as the aromatic substituent, fury! group, 
thienyl group, pyrrolyl group, oxazolyl group, isoxazolyl group, thiazolyl group, isothiazolyl group, imidazolyl group, 
pyrazolyf group, furazanyl group, pyridyl group, pyrazinyl group, pyrimidyl group, pyridazinyl group, triazinyl group, 

5 tetrazinyl group and the lilce can be exemplified. Preferred among them include 2-furyl group, 3-furyl group, 2-thienyl 
group, 3-thienyl group, 2-oxazolyl group, 2-thiazolyl group, 2-imidazolyl group, 2-pyridyl group, 3-pyridyl group, 4-py- 
rldyl group, 2-pyrazinyl group, 2-pyrimidyl group, 4-pyrimidyl group, 5-pyrimidyl group and 3-pyridazinyl group. As more 
preferred examples, 2-furyl group, 3-furyl group, 2-thienyl group. 2-oxazolyl group, 2-thla2olyl group, 2-imidazolyl 
group, 2-pyridyl group and 4-pyridyl group can be cited. 

10 [0030] The substituent on the rings of these aryl group and heteroaryl group may be selected from the group con- 
sisting of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl group, carbamoyl 
group, phenyl group, an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms, 
an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarisonyl group having from 2 to 6 carbon atoms, an acyl 
group having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl group is a five-membered ring or a slx- 

15 membered ring, which contains from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen atom and 
sulfur atom). Among these groups, an alkyI group, an alkoxyl group, an alkylthio group, a halogen atom, hydroxyl group, 
amino group, carbamoyl group, an alkoxycarbonyl group and phenyl group are preferred, and an alkyI group, an alkoxyl 
group, an alkylthio group, a halogen atom, hydroxyl group and amino group are particularly preferred substituents. 
[0031] The substituted aryl group and substituted heteroaryl group as a case in which an alkyI group, an alkoxyl 

20 group, an alkylthio group, a halogen atom, hydroxyl group and amino group are preferred as the substituents on the 
ring of the aryl group and heteroaryl group are described. 

[0032] When the aryl group and heteroaryl group have an alkyI group as a substituent, the alkyI group may be either 
straight or branched group having from 1 to 6 carbon atoms, and Its preferred examples include methyl group, ethyl 
group, nonnal propyl group and isopropyl group. 

25 [0033] When the alkyI group has a halogen atom as a substituent, the alkyI group may be either straight or branched 
fomri having from 1 to 6 carbon atoms, and fluorine atom is desirable as the substituting halogen atom. With regard to 
the number of fluorine atoms, it may be any one of from mono-substitution to perfluoro substitution. Its examples include 
monofluoromethyl group, difluoromethyl group, trifluoromethyl group, 2,2,2-trifluoroethyl group and the like. 
[0034] When the alkyI group further has hydroxyl group as a substituent, the alkyI group may be either straight or 

30 branched form having from 1 to 6 carbon atoms. Though the substituting position of hydroxyl group is not particularly 
limited, it may preferably be substituted on the terminal carison atom of the atkyi group. As the alkyI group having 
hydroxyl group, those which have up to 3 carison atoms are desirable, and hydroxymethyl group, 2-hydroxyethyl group, 
2- hydroxy propyl group, 3-hydroxypropyl group and the like are preferable. 

[0035] When the alkyI group further has an alkoxyl group as a substituent, the alkyI group may be either straight or 
35 branched form having from 1 to 6 cartDon atoms, and the substituting alkoxyl group may also be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substrtutingposition of alkoxyl group is not particularly 
limited, it may preferably be substituted on the terminal carbon atom of the alkyI group. An alkoxymethyl group, an 
alkoxyethyl group and an alkoxypropyl group are desirable as the alkyI group having an alkoxyl group, and the alkoxyl 
group may preferably have up to 3 carbon atoms. Moreprefen^ed examples include methoxymethyl group, ethoxymethyl 
40 group and methoxyethyl group. 

[0036] When the alkyI group further has an alkylthio group as a substituent, the alkyI group may be either straight 
or branched form having from 1 to 6 cariDon atoms, and the substituting alkylthio group may also be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substituting position of alkylthio group is not partlcularty 
limited, it may preferably be substituted on the temninal cartDon atom of the alkyI group. An alkylthlomethyl group, an 
45 alkytthioethyl group and an alkylthiopropyl group are desirable as the alkyI group having an alkylthio group, and the 
alkylthio group may preferably have from 1 to 3 carbon atoms. More preferred examples include methylthiomethyl 
group, ethylthiomethyl group and methylthioethyl group. 

[0037] In the aforementioned aryl group and heteroaryl group having an "alkyI group which may have a substituent" 
as a substituent, the number of the alkyI groups may be any one of from mono-substitution to peralkyi substitution. 
50 When two or more alkyI groups are present, they may be the same or different from one another As the alkyI substitution, 
mono-, dl- or tri-substltution is suitable. 

[0038] When the aryl group and heteroaryl group have an alkoxyl group as a substituent, this alkoxyl group may be 
either straight or branched group having from 1 to 6 carbon atoms, and its preferred examples include methoxy group 
and ethoxy group. 

55 [0039] When the alkoxyl group further has a halogen atom as a substituent, the alkoxyl group may be either straight 
or branched fomi having from 1 to 6 cartoon atoms, and fluorine atom is desirable as the substituting halogen atom. 
With regard to the number of fluorine atoms, it may be any one of from mono-substitution to perfluoro substitution. Its 
examples include monofluoromethoxyl group, difluoromethoxyl group, trifluoromethoxyl group, 2,2,2-trifluoroethyl 
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group and the like. 

[0040] When the alkoxyl group further has hydroxyl group as a substituent, the alkoxyl group may be either straight 
or branched fomi having from 1 to 6 carbon atoms. Though the substituting position of hydroxyl group is not particularly 
limited, it may preferably be substituted on the tenninal carbon atom of the alkoxyl group. As the alkoxyl group having 
5 hydroxyl group, those which have up to 3 carbon atoms are desirable, and 1 -hydroxyethoxyl group, 2-hydroxyethoxyl 
group, 2-hydroxypropoxyl group, 3-hydroxypropoxyl group and the like are preferable. 

[0041] When the alkoxyl group further has an alkoxyl group as a substituent, the alkoxyl group may be either straight 
or branched fonn having from 1 to 6 carbon atoms, and the substituting alkoxyl group may also be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substituting position of alkoxyl group Is not particularly 

10 limited, it may preferably be substituted on the terminal carbon atom of the alkoxyl group. An alkoxymethyl group, an 
alkoxyethoxyl group is desirable as the alkoxyl group having an alkoxyl group, and the alkoxyl group may preferably 
have up to 3 carbon atoms. More preferred examples include 2-mtho2yethoxyl group and 2-ethoxyethoxyl group. 
[0042] When the alkoxyl group further has an alkylthio group as a substituent, the alkoxyl group may be either straight 
or branched form having from 1 to 6 carbon atoms, and the substituting alkylthio group may also be either straight or 

15 branched fonn having from 1 to 6 carbon atoms. Though the substituting position of alkylthio group is not particularly 
limited, it may preferably be substituted on the terminal carbon atom of the alkoxyl group. An alkylthioethoxyl group is 
desirable as the alkoxyl group having an alkylthio group, and the alkylthio group may preferably have from 1 to 3 carbon 
atoms. More preferred examples include 2-methylthioethoxyl group and 2-ethylthioethoxyl group. 
[0043] I n the aforementioned aryl group and heteroaryl group having an "alkoxyl group which may have a substituent" 

20 as a substituent, the number of the alkoxyl groups may be any one of from mono-substitution toperalkoxyl substitution. 
When two or more alkoxyl groups are present, they may be the same or different from one another. As the alkoxyl 
substitution, mono-, di- or tri-substitution is suitable. 

[0044] When the aryl group and heteroaryl group have an alkylthio group as a substituent, the alkylthio group may 
be either straight or branched group having from 1 to 6 carbon atoms, and its preferred examples include methylthio 

25 group and ethylthio group. 

[0045] When the alkylthio group has a halogen atom as a substituent, the alkylthio group may be either straight or 
branched form having from 1 to 6 carbon atoms, and fluorine atom is desirable as the halogen atom. With regard to 
the number of fluorine atoms, it may be any one of from mono-substitution to perfluoro substitution. Its examples include 
monofluoromethylthio group, difluoromethylthio group, trifluoromethylthio group, 2,2,2-trifluoroethylthio group and the 

30 like. 

[0046] When the alkylthio group further has hydroxyl group as a substituent, the alkylthio group may be either straight 
or branched fonn having from 1 to 6 carbon atoms. Though the substituting position of hydroxyl group is not particularly 
limited, it may preferably be substituted on the terminal carbon atom of the alkylthio group. As the alkylthio group having 
hydroxyl group, those which have up to 3 carbon atoms are desirable, and hydroxymethylthio group, 1 -hydroxyethylthio 

35 group, 2-hydroxyethylthio group, 2-hydroxypropylthio group, 3-hydroxypropylthio group and the like are preferable. 
[0047] When the alkylthio group further has an alkoxyl group as a substituent, the alkylthio group may be either 
straight or branched form having from 1 to 6 carbon atoms, and the substituting alkoxyl group may also be either 
straight or branched fomn having from 1 to 6 carbon atoms. Though the substituting position of alkoxyl group is not 
particularly limited, it may preferably be substituted on the tenninal carbon atom of the alkylthio group. An alkoxyethyl- 

40 thio group, an alkoxyethyl group and an alkoxypropyl group is desirable as the alkylthio group having an alkoxyl group, 
and the alkoxyl group may preferably have up to 3 carbon atoms. More preferred examples include 2-methoxyethylthio 
group and 2-ethoxyethylthio group. 

[0048] When the alkylthio group further has an alkylthio group as a substituent, the alkylthio group may be either 
straight or branched form having from 1 to 6 carbon atoms, and the substituting alkylthio group may also be either 

45 straight or branched form having from 1 to 6 carbon atoms. Though the substituting position of alkylthio group is not 
particularly limited, it may preferably be substituted on the tenninal carbon atom of the alkylthio group. An alkylthioethyl- 
thio group is desirable as the alkylthio group having an alkylthio group, and the alkylthio group may preferably have 
from 1 to 3 carbon atoms. More preferred examples include 2-methylthioethylthlo group and 2-ethylthioethylthio group. 
[0049] In such an aryl group or heteroaryl group having an "alkylthio group which may have a substituent" as a 

50 substituent, the number of the alkylthio groups may be any one of from mono-substitution to peralkylthio substitution. 
When two or more alkylthio groups are present, they may be the same or different from one another. As the alkylthio 
substitution, mono-substitution is suitable. 

[0050] When the aryl group and heteroaryl group have a halogen atom as a substituent, fluorine atom, chlorine atom 
and bromine atom are desirable as the halogen atom. Fluorine atom is parttoulariy desirable, and the number of fluorine 
55 atoms in that case may be any one of from mono-substitution to perfluoro substitution. 

[0051] Its examples include 2-fluorophenyl group, 3-fluorophenyl group, 4-fluorophenyl group, 2,4-difluorophenyl 
group, 2,5-difluorophenyl group, 2,6-difluorophenyl group, 3,4-difluorophenyl group, 3,5-difluorophenyl group, 2,4,6-tri- 
fluorophenyl group, 3,4,5-trifluorophenyl group, 2,3,5, 6-tetrafluorophenyl group, pentafluorophenyl group, 4-fluoro- 
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1 -naphthyl group, 7-f luoro-1 -naphthyl group, 3-f luoro-2-pyrrdyl group, 6-fluoro-2-pyridyl group, 2,4,5,6-tetrafluoro-3-py- 
rldyl group, 2,3,5,6-tetrafluoro-4-pyridyl group and the like. 

[0052] When the aryl group and heteroaryl group have hydroxyl group as a substituent, an aryl group substituted 
with hydroxyl group is preferred, and a substituted phenyl group is particularly preferred. For example, 2-hydroxyphenyl 

5 group, 3-hydroxyphenyl group, 4-hydroxyphenyl group, 2,4-dihydroxyphenyl group and the like can be cited. 

[0053] When the aryl group and heteroaryl group have annino group as a substituent, an amino-substituted aryl group 
is preferred, and an amino-substituted phenyl group is particularly preferred. The amino group of this case may have 
1 or 2 substituents selected from the group consisting of fonmyl group, an alkyi group having from 1 to 6 carbon atoms, 
an acyl group having from 2 to 5 carbon atoms and an alkoxycarbonyl group having from 2 to 5 carbon atoms, and a 

10 monoalkyi ami no-substituted phenylgroup, a dialkylamino-substituted phenyl group (the alkyI groups of this case may 
be the same or different f ran each other) and an acylamino-substituted phenyl group are preferable. 
[0054] 2-Aminophenyl group, 3-aminophenyl group, 4-aminophenyl group, 2-methyIaminophenyl group, 4-methyl- 
aminophenyl group, 2-dimethylaminophenyl group, 4-dimethylaminophenyl group, 4-acetoxyaminophenyl group and 
the like can be exemplified. 

IS [0055] When the aryl group and heteroaryl group have two or more substituents, their combination may be a com- 
bination optionally selected from the group consisting of a halogen atom, hydroxyl group, thiol group, amino group, 
nitro group, cyano group, carboxyl group, carbamoyl group, phenyl group, an alkyI group having from 1 to 6 carbon 
atoms, an alkoxyl group having from 1 to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an 
alkoxycarbonyl group having from 2 to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl 

20 group (a five-membered ring or a six-membered ring and contains from 1 to 4 hetero atoms optionally selected from 
nitrogen atom, oxygen atom and sulfur atom), but it is desirable that one of them is selected from an alkyI group, an 
alkoxy group, a halogen atom, hydroxyl group and amino group. As the halogen atom, fluorine atom is particularly 
desirable. 

[0056] As examples of the case in which the aryl group and heteroaryl group have two or more substituents, 2-f luoro- 
25 4-hydroxyphenyl group, 3-amlno-4,6-difluorophenyl group, 4,6-dlfluoro-3-methylaminophenyl group, 2,6-difluoro- 

4-methoxyphenyl group, 4-fluoro-2-methylphenyl group, 4-hydroxy-3,5-dimethylphenyl group, 3,5-dimethyl-4-methox- 

yphenyl group, 6-amino-3,5-difluoro-2-pyridyl group, 5-chloro-6-methyl-4-pyrlmidinyl group and the like canbe cited. 

[0057] In this connection, the carbon atom, to which Ri is bonded, becomes an asymmetric carbon to generate 

isomers, andall of such isomers are included in the invention. 
30 [0058] Also, when the substituent of R"" is a (substituted) phenyl group or a biaryl type (substituted) heteroaryl group 

of a five-membered ring or a six-membered ring containing from 1 to 4 hetero atoms optionally selected from nitrogen 

atom, oxygen atom and sulfur atom (the term "{substituted) " means that it may have a substituent), it generates isomers 

originated from axial chirality, and all of such isomers are included in the invention. 

[0059] The substituents R2 and R3 each independently represents hydrogen atom or an alky) group having fran 1 to 
35 6 cartDon atoms, and the alkyI group may have one or more substituents selected from the group consisting of hydroxyl 
group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 
carbon atoms. 

[0060] As the alkyI group, it may be either straight or branched group having from 1 to 6 carbon atoms, and Its 
preferred examples include methyl group, ethyl group, normal propyl group and isopropyl group. 

40 [0061] When the alkyI group further has hydroxyl group as a substituent, the alkyI group may be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substituting position of hydroxyl group is not particularly 
limited, it may preferably be substituted on the tenninal carbon atom of the alkyl group. As the alkyI group having 
hydroxyl group, those which have up to 3 carbon atoms are desirable, and hydroxymethyl group, 2-hydroxyethyl group, 
2-hydroxypropyl group, 3-hydroxypropyl group and the like are preferable. 

45 [0062] When the alkyl group further has a halogen atom as a substituent, the alkyl group may be either straight or 
branched form having from 1 to 6 carbon atoms, and fluorine atom is desirable as the halogen atom. With regard to 
the number of fluorine atoms, it may be any one of from mono-substitution to perfluoro substitution. Its examples include 
monofluoromethyl group, difluoromethyl group, trifluoromethyl group, 2,2,2-trifluoroethyl group and the like. 
[0063] When the alkyl group further has an alkylthio group as a substituent, the alkyi group may be either straight 

50 or branched fozm having from 1 to 6 carbon atoms, and the substituting alkylthio group may also be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substituting position of alkylthio group is not particularly 
limited, it may preferably be substituted on the tenninal carbon atom of the alkyl group. An alkylthiomethyl group, an 
alkylthioethyl group and an alkylthiopropyl group are desirable as the alkyl group having an alkylthio group, and the 
alkylthio group may preferably have from 1 to 3 carbon atoms. More preferred examples include methylthiomethyl 

55 group, ethylthiomethyl group and methylthioethyl group. 

[0064] When the alkyl group further has an alkoxyl group as a substituent, the alkyl group may be either straight or 
branched form having from 1 to 6 carbon atoms, and the substituting alkoxyl group may also be either straight or 
branched form having from 1 to 6 carbon atoms. Though the substituting position of alkoxyl group is not particularly 
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limited, it may preferably be substituted on the terminal carbon atom of the alkyi group. An alkoxymethyl group, an 
alkoxyethyl group and an alkoxypropyl group are desirable as the alkyI group having an alkoxyl group, and the alkoxyl 
group may preferably have up to 3 carbon atoms. More preferred examples include methoxymethyl group, ethoxymethyl 
group and methoxyethyl group. 

5 [0065] R*, and each independently represents hydrogen atom, hydroxy I group, a halogen atom, carbamoyl 
group, an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or an alkylthio 
group having from 1 to 6 carbon atoms, and the alkyI group among them may have one or more substituents selected 
from the group consisting of hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms. 
In addition, R^ and R® integrated into a polymethylene chain having from 3 to 6 carbon atoms (forms aspiro-ring system 

10 together with pyrrolidine ring), hydroxyimino group or an alkyloxyimino group having from 1 to 6 carbon atoms. 
[0066] As the halogen atom, fluorine atom or chlorine atom Is desirable. 

[0067] As the alkyI group, it may be either straight or branched group having from 1 to 6 carbon atoms, and its 
preferred examples include methyl group, ethyl group, normal propyl group and isopropyl group. 
[0068] As the alkoxyl group, it may be either straight or branched group having from 1 to 6 carbon atoms, and its 
15 preferred examples include methoxy group and ethoxy group. 

[0069] As the alkylthio group, it may be either straight or branched group having from 1 to 6 carbon atoms, and its 
preferred examples include methylthio group and ethylthio group. 

[0070] When hydroxyl group is present as a substltuent on an alkyI group having from 1 to 6 carbon atoms, the alkyI 
group may be either straight or branched fomri. Though the substituting position of hydroxyl group is not particularly 
20 limited, it may preferably be substituted on the terminal carbon atom of the alkyI group. Preferred examples of the 
hydroxyl group-substituted alkyI group having from 1 to 6 carbon atoms Include hydroxymethyl group, 2-hydroxyethyl 
group and 3-hydroxypropyl group. 

[0071] As the halogen atom of an alkyI group having a halogen atom, fluorine and chlorine atoms are preferable, 
and fluorine atom is particularly preferable. The alkyt group may be either a straight or branched form. 

25 [0072] In the alkoxyl group-containing alkyl group having from 1 to 6 carbon atoms, each of the alkyI group moieties 
maybe either a straight or branched fonn, and an alkoxymethyl group or an alkoxyethyl group is preferable. Meth- 
oxymethyl group, ethoxymethyl group and 2-methoxyethyl group can be cited as more preferred examples. 
[0073] When the substituents R^ and R^ are integrated to form a polymethylene chain, a ring of from three- to six- 
membered ring is newly added to the pyrrolidine ring to form a spiro-hng stmcture. As the size of the newly formed 

30 ring, a cyclopropyl ring or cyclobutyl ring having 2 or 3 carbon atoms is preferable. 

[0074] Also, when the substituents R^ and R^ are integrated into an alkyloxyimino group represented by the following 
formula, 

=N-0-Alkyl 

the alkyl group may be either a straight or branched form. Preferred as the alkyloxyimino group are methoxy imino 
group and ethoxyimino group. 

[0075] The substituents R^ and R^ each independently represents hydrogen atom or an alkyl group having from 1 
40 to 6 carbon atoms. As the alkyl group, it may be either a straight or branched group having from 1 to 6 carbon atoms 
and is preferably methyl group, ethyl group, nonmal propyl group or isopropyl group, A case in which each of them is 
hydrogen atom is desirable. 

[0076] Q is a partial structure represented by the following fomnula. 

45 



50 




55 

[0077] In this structural formula, A^ and A^ each Independently represents nitrogen atom or carbon atom, and A^ 
and A^ and the carbon atoms, to which they are bonded, are linked to forni a partial structure 
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>C=C(-A^=)-N(-R®)- 

or a partial structure 

5 

>N-C(-A^=)=C(-R^)-. 

[0078] A fused heterocyclic system partial structure represented by the following fomnula 

10 



15 




or the following formula 



25 



30 




35 is preferred as the structure of Q. 

[0079] The substituent is an alkyi group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 
carbon atoms, a halogenoalkyi group having from 1 to 6 carbon atoms, a cyclic alkyI group having fran 3 to 6 carbon 
atoms which may have a substituent, an aryl group which may have a substituent, a heteroaryl group which may have 
a substituent, an aikoxyl group having from 1 to 6 carbon atoms or an alkylamino group having from 1 to 6 carbon atoms, 

40 [0080] In this case, ethyl group is particularly desirable as the alkyI group having from 1 to 6 carbon atoms. As the 
alkenyl group having from 2 to 6 carbon atoms, vinyl group or 1 -isopropenyl group is desirable. 2-Fluoroethyl group is 
desirable as the halogenoalkyi group having from 1 to 6 carbon atoms. Cyclopropyl group is partteularty desirable as 
the cyclic alkyI group, and a halogen atom, partk^ularly fluorine atom, is desirable as the substituent of the cyctk: alkyI 
group. 

45 [0081] Examples of the aryl group which may have a substituent include phenyl or the like group which may have 1 
to 3 substituents selected from the group consisting, for example, of fluorine atom, chlorine atom, bromine atom or the 
like halogen atom, hydroxyl group, amino group, nitro group, an alkyI group having from 1 to 6 carbon atoms and an 
aikoxyl group having from 1 to 6 carbon atoms, and its preferred examples include phenyl group, 2-fluorophenyl group, 
4-fluorophenyl group, 2,4-difluorophenyl group, 2-fluoro-4-hydroxyphenyl group, 3-amino-4,8-difiuorophenyl group and 

50 4,6-difluoro-3-methylaminophenyl group. This aryl group may be the same as the aryl group of the substituent Ri or 
different from it. 

[0082] The heteroaryl group is a compound derived from a five-membered or six-membered aromatic heterocyclic 
compound which contains one or more hetero atoms selected from nitrogen atom, oxygen atom and sulfur atom. This 
heteroaryl group may be the same as the heteroaryl group of the substituent Ri or different from it. As the heteroaryl 
S5 group of the substituent R^, pyridyl group, pyrimidyl group and the like can be exemplified. As the substituent on these 
rings, an alkyI group, a halogen atom or the like is desirable. Particularly preferred is 6-amino-3,5-difluoro-2-pyridyl 
group. 

[0083] Methoxyl group is desirable as the alkoxyt group having from 1 to 6 carbon atoms. Methylamino group is 
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desirable as the alkylamino group having from 1 to 6 carbon atoms. 

[0084] As the substituent R^, a cyclic alkyi group or a halogenocycloalkyi group is desirable. Among these groups, 
cyclopropyl group or a 2-halogenocyclopropyl group is desirable. As the halogen atom, fluorine atom is desirable. 
[0085] The substituent H^^ represents hydrogen atom or an alkylthio group having from 1 to 6 carbon atoms, or 
5 and R''^ may be integrated to form a hydrocarbon system ring structure by incorporating a part of the mother skeleton 
(namely by including the carbon atom to which Rio is bonded and A^). The thus fomied ring may contain sulfur atom 
as a constituent atom, and the ring may further have an alkyI group having from 1 to 6 carbon atoms as a substituent. 
The ring to be fomned herein may have a size of from four-membered ring to six-membered ring, and the ring may be 
saturated or unsaturated. As the fused ring structure formed in this manner, the following can be exemplified. 

10 



15 




20 AJkylorH CH3 



[0086] The substituent X"* is a halogen atom or hydrogen atom, and fluorine atom is desirable in the case of the 
halogen atom. Among these atoms, fluorine atom or hydrogen atom is desirable as the substituent. 

25 [0087] The substituent R""^ represents hydrogen atom, amino group, hydroxyl group, thiol group, a halogenomethyl 
group, an alkyI group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl 
group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 carbon atoms, and the amino group 
among them may have one or two substituents selected from the group consisting of fonnyl group, an alkyI group 
having from 1 to 6 carbon atoms and an acyl group having from 2 to 6 carbon atoms. 

30 [0088] As the alkyI group, it may be either a straight or branched group having from 1 to 6 cari^on atoms, and its 
preferred examples Include methyl group, ethyl group, nomnal propyl group and isopropyl group. The alkenyl group 
may be either a straight or branched group having from 2 to 6 carbon atoms and is preferably vinyl group. As the alkynyl 
group, it may be either a straight or branched group having from 2 to 6 cartoon atoms and is preferably ethynyl group. 
Fluorine atom Is particularly desirable as the halogen of the halogenomethyl group, and its number may be from 1 to 

35 3. The alkoxyl group may have from 1 to 6 cartDon atoms and is preferably methoxyl group. 

[0089] The substituent R^^ is preferably hydrogen atom, an alkyI group or amino group, of which methyl group or 
unsubstituted amino group Is preferred. 

[0090] When the substituent R'"'' is amino group, hydroxyl group or thiol group, they may be protected with ordinarily 
used protective groups. 

40 [0091] Examples of such protective groups include tert-butoxycart5onyl group, 2,2,2-trichloroethoxycarbonyl group 
and the like (substituted) alkoxycartDonyl groups; benzyloxycart3onyl group, para-methoxybenzyloxycartDonyl group, 
para-nitrobenzyloxycart3onyl group and the like (substituted) aralkyloxycariDonyl groups; acetyl group, methoxyacetyl 
group, trifluoroacetyl group, chloroacetyl group, pivaloyi group, formyl group, benzoyl group and the like (substituted) 
acyl groups; tert-butyl group, benzyl group, para-nitrobenzyl group, para-methoxybenzyl group, triphenylmethyl group 

45 and the like (substituted) alkyl groups or (substituted) aralkyi groups; methoxymethyl group, tert-butoxymethyl group, 
tetrahydropyranyl group, 2,2,2-trichloroethoxymethyl group and the like (substituted) ethers; and trimethylsilyl group, 
isopropyldimethylsilyl group, tert-butyldimethylsilyl group, tribenzylsilyl group, tert-butyldiphenylsilyl group and the like 
(alkyl and or aralkyl)-substituted silyl groups. Compounds having substituents protected with these substituents are 
particularly desirable as intennediates for the production. 

50 [0092] When A** is a partial structure of the following formula (II), 




(II) 
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X2 represents hydrogen atom, amino group, a halogen atom, cyano group, a halogenomethyl group, a halogenometh- 
oxyl group, an alkyi group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, an 
alkynyl group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 carbon atoms, wherein the amino 
group may have one or two substituents selected from the group consisting of formyl group, an alkyI group having from 
1 to 6 carbon atoms and an acyl group having from 2 to 5 carbon atoms. 

[0093] As the alkyI group, it may be either a straight or branched group having from 1 to 6 carbon atoms and its 
preferred examples include methyl group, ethyl group, normal propyl group and isopropyl group. The alkenyl group 
may be either a straight or branched group having from 2 to 6 carbon atoms and Is preferably vinyl group. The alkynyl 
group may be either a straight or branched group having from 2 to 6 carbon atoms and is preferably ethynyl group. 
Fluorine atom is particularly desirable as the halogen of the halogenomethyl group, and its number may be from 1 to 
3. As the alkoxyl group, it may have from 1 to 6 carbon atoms and is preferably methoxyl group. Fluorine atom is 
particularly desirable as the halogen of the halogenomethoxyl group, and its number may be from 1 to 3. 
[0094] Among these substituents, an alkyI group or an alkoxyl group is desirable. More preferred are methyl group 
and ethyl group. These are desirable substituents particularly when Q is a partial structure shown by the following 
formula. 




[0095] In addition, this and the aforementioned may be integrated to form a hydrocarbon system ring structure 
(size of the ring may be from four-membered ring to seven-membered ring, and It may be saturated or unsaturated) 
by incorporating a part of the mother skeleton (namely by including the carbon atom to which is bonded and A^), 
and the thus fomned ring may contain oxygen atom, nitrogen atom or sulfur atom as a constituent atom, and the ring 
may also have an alkyI group having from 1 to 6 carbon atoms as a substituent. As the fused ring structure formed in 
this manner, the following can be exemplified. 
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[0096] Among these fused ring systems, 2,3-dlhydro-7-oxo-7H-pyrido[1 ,2,3-de][1 .4]benzoxazlne-6-carboxyli c acid- 
10-yl group, particularly its 3-position(S)-methyl form, is desirable. 
[0097] As Q, a partial structure of the following formula 

5 



10 




15 is desirable. Also in this case, it is desirable that A"" Is the partial structure of fomnula (II). 

[0098] When Q is the partial structure described above and A"" is the partial structure of formula (II), a preferred 
combination of R""^ and is a case in which R^^ is amino group, hydrogen atom, hydroxyl group or an alkyi group 
having from 1 to 6 carbon atoms and is an alkyI group having from 1 to 6 carbon atoms, an alkoxyl group having 
from 1 to 6 carbon atoms, a halogenomethoxyl group or hydrogen atom. 

20 [0099] A more preferred combination is a case in which R'''' Is amino group, hydrogen atom, hydroxyl group or methyl 
group and X^ is methyl group, methoxyl group, difluoromethoxyl group or hydrogen atom. 

[0100] A most preferred combination is a case in which R^^ is amino group, hydrogen atom, hydroxyl group or methyl 
group and X^ is methyl group or methoxyl group. 
[0101] For these R^^ and X^, fluorine atom is desirable as X^. 
25 [0102] When the substftuents X^ and X^ are halogen atoms, fluorine atom is particularly preferable as X^ , and fluorine 
atom or chlorine atom is preferable as X^. 

[0103] When Q is a partial structure representedby the following fonnula 



35 




40 and A"" is the partial structure of formula (II), a preferred combination of R*''' and X2 is a case in which R^"" is amino 
group, hydrogen atom, hydroxyl group or an alkyI group having from 1 to 6 carbon atoms and X^ is an alkyI group 
having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms, a halogenomethoxyl group or 
hydrogen atom. 

[0104] A more prefen-ed combination Is a case in which R'"'' Is amino group, hydrogen atom, hydroxyl group or methyl 
45 group and is methyl group, methoxyl group, difluoromethoxyl group or hydrogen atom. 

[0105] A most preferred combination is a case in which R"'"' is amino group, hydrogen atom, hydroxyl group or methyl 
group and X^ is methyl group or methoxyl group. 

[0106] When the substituents X^ and X^ are halogen atoms, fluorine atom is particularly preferable as X^ , and fluorine 
atom or chlorine atom is preferable as X^. 
50 [0107] Next, the halogenocyclopropyl group of R^ is described. 

[01 08] As the substitutable halogen atom, fluorine atom and chlorine atom can be exemplified, of which fluorine atom 
is particularly preferred. 

[0109] Regarding the steric environment at this moiety, it is particularly desirable that the halogen atom and pyri- 
donecarboxylk: acid moiety have cis-configuration on the cyclopropane ring. 
S5 [0110] So-called enantiomeric isomers are present due to the cis-2-halogenocyclopropyl moiety alone of R^, and 
strong antibacterial activity and high safety have been found In both isomers. 

[0111] The compound of the invention shows excellent characteristics by having a pyrrolidinyl substituent of a struc- 
ture shown below. 
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[011 2] In this substituent, the above four isomers are present based on the asymmetric carbon atom on the pyrrolidin 
ring to which the substituent -CH(-R'')N(-R2)-R3 and the substituent R"*^ are bonded and an asymmetric carbon atom 
to which Ri is bonded. 

[0113] On the other hand, structure activity correlation among four optically active substances derived from steric 
configuration of the 7-positlon substituent in a 7- [3- (1-aminoethyl)pyrrolidin-1-yl]quinolonecarboxylic acid derivative 
is described in Chemical & Pharmaceutical Bufietin, vol. 42, p. 1442 (1994). It described that 3-(S)-[1 -(R)-aminoethyl] 
pyrrolidin-1 -yl group has the most highest antibacterial activity among the four optically active substances. 
[01 1 4] The present inventors have considered that 




was most desirable among the four optically active substances having the structures shown in the above. 
[01151 That is, the compound of the invention is characterized in that the aromatic group-substituted aminomethyl- 
pyrrolidine derivative represented by the formula (I), salts thereof and hydrates thereof show broad and potent anti- 
bacterial activity upon Gram-negative bacteria and Gram-positive bacteria, and show potent antibacterial activity par- 
ticularly upon resistant strains of Gram-positive bacteria including MRSA, PRSP and VRE. 

[0116] Particularly, a compound represented by the formula (I) in which the aromatic group-substituted aminometh- 
ylpyn^olidine derivative having the aforementioned structure was introduced at the 1 0-position of the 2,3-dihydro-3-(S)- 
methyl-7-oxo-7H-pyrido[1 ,2,3-de] [1 .4]ben2oxazine skeleton or the 7-position of the 6-fluoro-1-[2-(S)-fluoro-1 -{R)-cy- 
clopropyl]-1 ,4-dihydro-4-oxoquin oline skeleton having excellent safety, salts thereof and hydrates thereof showed 
broad and strong antibacterial activity upon both of Gram-negative bacteria and Gram-positive bacteria including drug 
resistant strains, which was not expected before the invention. 

[0117] When a compound of formula (I) of the invention has a structure in which diastereomers are present, and 
when such a compound of the invention is administered to human and animals, it is desirable to administer a compound 
which comprises a single diastereomer. The tenn "comprises a single diastereomer" as used herein means not only 
a case in which it is completely free from the other diastereomer but also a case in which it is in a chemically pure 
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degree. In other words, it is interpretable that the other diastereomer may be present in such a degree that it does not 
exert influences upon physical constants and physiological activities of the connpound. 

[0118] Also, the temn "stereochemical ly pure" as used herein means that, when a compound or the like exists in a 
plurality of isomer fomns due to the presence of asymmetric carbon atoms, the compound is comprised of only one of 

5 them. The term "pure" in this case can also be considered in the same manner as described above. 

[0119] The pyrldonecarboxylic acid derivative of the invention may be used either in its free form or as an acid addition 
salt or a salt of Its carboxyl group. Examples of the acid addition salt include hydrochloride, sulfate, nitrate, hydrobro- 
mide, hydroiodide, phosphate and the like inorganic acid salts, or acetate, methanesulfonate, benzenesuffonate, tol- 
uenesuffonate, citrate, maleate, fumarate, lactate and the like organic acid salts. 

10 [0120] The salt of carboxyl group may be either an inorganic or an organic salt, and its examples include lithium salt, 
sodium salt, potassium salt and the like alkali metal salts, magnesium salt, calcium salt and the like alkaline earth metal 
salts, ammonium salt, or triethylamine salt, N-methylglucamine salt, tris-(hydroxylmethyl)aminomethane salt and the 
like. 

[0121] Also, these free form, acid addition salts and salts of carboxyl group of the compound of the invention may 
be present as hydrates. 

[0122] On the other hand, a quinolone derivative whose carboxyfic acid moiety is an ester is useful as a synthesis 
intemriediate or a prodrug. For example, alkyi esters, benzyl esters, alkoxyalkyi esters, phenylalkyi esters and phenyl 
esters are useful as synthesis intennediates. 

[0123] Also, the ester to be used as a prodrug is an ester which is easily hydrolyzed in the living body and forms free 
20 fonm of carboxylic acid, and its examples include acetoxymethyl ester pivaloyloxymethyl ester, ethoxycarbonyl ester, 
choline ester, dimethylaminoethyl ester, 5-indanyl ester, phthalidinyl ester, and 5-alkyl-2-oxo-1 ,3-dioxol-4-ylmethyl es- 
ter, 3-acetoxy-2-oxobutyl eater or the like oxoalkyi ester 

[0124] The compound of the invention represented by the fonnula (I) can be produced by various methods, and, in 
a preferred example, it can be produced for example by allowing a compound represented by fonnula (III): 

25 




(III) 



[wherein X** is a substituent which functions as a leaving group, such as fluorine atom, chlorine atom, bromine atom, 
substituted or unsubstituted phenylsulfonyl group or a substituted or unsubstituted alkylsulfonyl group having from 1 
40 to 3 carbon atoms, 

y is the Y defined in the formula (I) or a boron-containing group represented by fonnula (IV): 

-B(Y^^)Y^^ (IV) 

45 

(wherein each of Y""^ and Y''^ is fluorine atom or an alkylcarbonyloxy group having from 2 to 4 carbon atoms), and 
R9, R^o, R^V A^ and X"" are as defined in the fonnula (I)], 
or a compound represented by formula (V) : 

50 



55 
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5 




10 



[wherein is a substituent which functions as a leaving group, such as fluorine atom, chlorine atom, bromine atom, 
substituted or unsubstituted phenylsulfonyl group or a substituted or unsubstituted alkylsulfonyl group having from 1 
15 to 3 carbon atoms, and R®, R^o, R^^ and Y are as defined in the fomiula (1)] 

to react with a compound represented by the following formula (VI) 



20 



25 




(VI) 



[wherein R222 the same as the R2 defined in the formula (I), and R^ R^, R^, RS, r6, r7 and R^ are as defined in the 
formula (I)] or an addition salt thereof. 
30 [0125] The reaction can be carried out using or without using a solvent. The solvent to be used in the reaction may 
be any solvent which is inert under the reaction conditions, and its examples include dimethyl sulfoxide, pyridine, 
acetonitrile, ethanol, chloroform, dimethylfonnamlde, dimethylacetamide, N-methylpyrrolldone, tetrahydrofu ran, water 
and 3-methoxybutanol or a mixture thereof. 

[0126] It is desirable to carry out the reaction in the presence of an acid receptor such as an inorganic base or an 
35 organic base, and its examples include an alkali metal or alkaline earth metal carbonate or bicarbonate or triethylamine, 
pyridine, 1 ,8-diazabtcycloundecene, N,N-diisopropylethylamine or the like organic basic compound. 
[0127] The reaction can be carried out generally at a temperature of from room temperature to 200°C, preferably 
from 25 to 1 50*'C. The reaction Is carried out for a period of from 30 minutes to 48 hours and completes generally after 
about 30 minutes to 2 hours. 

40 [0128] As the protective group of an amino group, it may be any protective group generally used in this field, and its 
examples include tert-butoxycarbonyl group, 2,2,2-trichloroethoxycarbonyl group and the like (substituted) alkoxycar- 
bonyl groups; benzyloxycarbonyl group, para-methoxybenzyloxycarbonyl group, para-nitrobenzyloxycarbonyl group 
and the like (substituted) aralkyloxycarbonyl groups; acetyl group, methoxyacetyl group, trifluoroacetyl group, chloro- 
acetyl group, pivaloyi group, fonnyl group, benzoyl group and the like (substituted) acyl groups; tert-butyl group, benzyl 

45 group, para-nitrobenzyl group, para-methoxybenzyl group, trip henylm ethyl group and the like (substituted) alkyi groups 
or (substituted) aralkyi groups; methoxymethyl group, tert-butoxymethyl group, tetrahydropyranyl group, 2,2,2-trichlo- 
roethoxymethyl group and the like (substituted) ethers; and trimethylsilyl group, isopropyldimethylsilyl group, tert- 
butyldimethylsilyl group, tribenzylsllyl group, tert-butyldiphenylsilyl group and the like (alkyI and/or aralkyi) -substituted 
silyl groups. 

50 [0129] When each of Y and Y** is an alkyI group having from 1 to 6 carbon atoms, an alkoxymethyl group having 
from 2 to 7 carbon atoms or a phenylalkyi group composed of an alkylene group having from 1 to 6 carbon atoms and 
phenyl group, it can be converted into a corresponding carboxylic acid by treating it under an acidic or basic condition 
which is generally employed for the hydrolysis of carboxylic acid esters. 

[0130] When Y^ is a structure of the fomiula (IV), its conversion into con^esponding carboxylic acid can be effected 
55 by allowing the compound (III) or compound (V) to react with the compound (VI) and then treating it under an acidic 
or basic condition. 

[0131] In addition, when de-protection is necessary, the compound of interest represented by the formula (I) can be 
obtained by removing the protective group under conditions suitable for the protective group. 
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[0132] The compound of formula (VI) can be produced by various methods, tor example, It can be synthesized by a 

method shown in the reference examples as a preferred example, though not particularly limited thereto. 

[01 33] The compound of formula (VI) can be f omned by removing Q' from a compound represented by the following 

formula 

5 



10 




15 

[wherein R222 \s the same as the R2 defined in the fomnula (I) or represents a protective group of an amino grpup, R^ 
R3, R4, r5^ r7 and R^ are as defined in the fomnula (I), 
Q' is a protective group of an amino group, 

wherein the protective group of an amino group may be selected from the group consisting of a (substituted) alkoxy- 
20 carbonyl group, a (substituted) aralkyloxycarbonyl group, a (substituted) acyl group, a (substituted) alky! group, a (sub- 
stituted) aralkyi group and substituted silyl groups]. 

[0134] The compound described above can be present as a salt thereof, a hydrate thereof or a hydrate of the salt. 
As examples of the acid addition salt, an inorganic acid salt and an organic acid salt can be cited. Their illustrative 
examples include hydrochloride, sulfate, hydrobromide, hydroiodide, phosphate and the like inorganic acid salts, or 
25 methanesulfonate, benzenesulfonate, toluenesulfonate (sulfonic acid salts), acetate, citrate, maleate, fumarate, lactate 
(carboxylic acid salts) and the like organic acid salts, 

[0135] When R222 and Q' are protective groups of an amino group, they may be the same or different from each 
other, but it is convenient for producing the compound (I) that each is cut off under different reaction conditions. 
[0136] As the R222 and Q' which are protective groups of an amino group, the following can be exemplified. That is, 
30 they are a (substituted) atkoxycarbonyl group, a (substituted) aralkyloxycarbonyl group, a (substituted) acyt group, a 
(substituted) alkyi group, a (substituted) aralkyi group and substituted silyl groups. 

[0137] The Illustrative examples thereof include terl-butoxycarbonyl group, 2,2,2-trichloroethoxycarbonyl group and 
the like (substituted) alkoxycarbonyl groups; benzyloxycarbonyl group, para-methoxybenzyloxycarbonyl group, para- 
nitrobenzyloxycarbonyl group and the like (substituted) aralkyloxycarbonyl groups; acetyl group, methoxyacetyl group, 

35 trifluoroacetyl group, chloroacetyl group, pivaloyi group, formyl group, benzoyl group and the like (substituted) acyl 
groups; tert-butyl group, benzyl group, para-nitrobenzyl group, para- methoxy benzyl group, triphenylmethyl group and 
the like (substituted) alkyI groups or (substituted) aralkyi groups; methoxymethyl group, tert-butoxymethyl group, tet- 
rahydropyranyl group, 2,2,2-trichloroethoxymethyl group and the like (substituted) ethers; and trimethylsilyl group, Iso- 
propyldimethylsilyl group, tert-butyldimethylsilyl group, tribenzylsilyl group, tert-butyldiphenylsilyl group and the like 

40 substituted silyl groups. 

[0138] When thecompound (I) is produced usingthe above compound having Q' as a protective group, it is necessary 
to carry out the reaction by removing the protective group Q'. In that case, its reaction with the compound (III) or (V) 
may be carried out generally by one pot, or the reaction may be carried out after once isolating the compound (VI) by 
removing the protective group. 

45 [0139] Cis-2-fluorocyclopropylamine comprised of a single isomer, which is desirable for the synthesis of the com- 
pound of fomnula (I) comprised of a single isomer, can be synthesized for example by the method described in JP-A- 
2-231475 (the term "JP-A" as used herein means an "unexamined published Japanese patent application"). Synthesis 
of the compound of formula (I) comprised of a single isomer using the optically active cis-2-fluorocyclopropylamine 
derivative obtained in this manner as the material can be carried out in accordance with the method described for 

50 example in JP-A-2-231475. 

[0140] Since the compound of the invention has potent antibacterial actions, it can be used as medicaments for use 
in human bodies, animals and fishes or as preservatives of agricultural chemicals and food. 

[0141] When the compound of the invention is used as a medicament for human bodies, its dose is within the range 
of from 50 mg to 1 g. preferably from 100 mg to 500 mg, per day per adult. 
55 [0142] Also, its dose as animal use varies depending on the purpose of its administration (treatment or prevention), 
kind and size of each animal to be treated and kind and degree of each infected pathogenic bacterium, but is within 
the range of generally from 1 mg to 200 mg, preferably from 5 mg to 1 00 mg, per 1 kg body weight of each animal as 
a daily dose. 
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[0143] The daily dose is administered once a day or by dividing it into 2 to 4 doses per day. As occasion denriands, 
the daily dose may exceed the aforementioned range. 

[01 44] Since the compound of the invention is active against a broad range of microorganisms which cause various 
infectious diseases, it can treat, prevent or alleviate diseases induced by these pathogens. 

5 [0145] As bacteria or bacterioid microorganisms on which the compound of the invention is effective, the genus 
Staphylococcus, Streptococcus pyogens, hemolytic streptococci, enterococcus, pneumococcus, the genus Peptostrep- 
tococcus, Neisseria gonorrhoeae, Escherichia coN, the genera Citrobacter, the genus Shigella, Klebsiella pneumoniae, 
the genera Enterobacter, the genus Serratia, the genus Proteus, Pseudomonas aeruginosa, Haemophilus influenzae, 
the genus Acinetobacter, the genus Campylobacter, Chlamydia trachomatis and the like can be exemplified. 

10 [0146] Also, as diseases which are induced by these pathogens, folliculitis, furuncle, carbuncle, erysipelas, phleg- 
mon, lymphangitis, felon, subcutaneous abscess, hidradenitts, acne conglobata, infectious atheroma, perirectal ab- 
scess, mastitis, superficial secondary Infections after Injury, bum injury, operative wound and the like, pharyngitis, acute 
bronchitis, tonsilitis, chronic bronchitis, bronchiectasis, diffuse bronchiolitis, secondary infection of chronic respiratory 
disease, pneumonia, pyelonephritis, cystitis, prostatitis, epididymitis, gonococcal urethritis, nonspecific urethritis, 

ts cholecystitis, cholangitis, bacillary dysentery, enteritis, uterine adnexitis, intrauterine infection, bartholinitis, blepharitis, 
hordeolum, dacrecystitis, tarsadenitis, corneal ulcer, octitis media, sinusitis, periodentitis, pericoronitis, jaw infection, 
peritonitis, endocarditis, sepsis, meningitis, skin infection and the like can be exemplified. 

[0147] It is also effective against various microorganisms which cause infectious diseases in animals, such as the 
genus Escherichia, the genus Salmonella, the genus Pasteurella, the genus Haemophilus, the genus Bordetella, the 

20 genus Staphylococcus, the genus Mycoplasma and the like. 

[0148] Illustrative examples of such diseases include colibacillosis, pullorum disease, avian paratyphoid, avian chol- 
era, infectious coryza, staphylococcosis, mycoplasma infection and the like in the case of birds, colibacillosis, salmo- 
nellosis, pasteurellosis, haemophilus infection, atrophic rhinitis, exudative epidermis, mycoplasma infection and the 
like in the case of pigs, colibacillosis, salmonellosis, hemorrhagic sepsis, mycoplasma infection, bovine pleuropneu- 

25 monia, bovine mastitis and the like in the case of cattle, colisepsis, salmonella infection, hemorrhagic sepsis, uterine 
empyema, cystitis and the like in the case of dogs, and exudative pleurisy, cystitis, chronic rhinitis, haemophilus infec- 
tion, kitten diarrhea, mycoplasma infection and the like in the case of cats. 

[0149] The antibacterial preparation which comprises the compound of the Invention can be prepared by selecting 
an appropriate preparation depending on each administration method and employing generally used various prepara- 

30 tion methods. Regarding the dosage foma of the antibacterial preparation which uses the compound of the invention 
as its principal agent, tablets, powders, granules, capsules, solutions, syrups, elixirs, oily or aqueous suspensions and 
the like can be exemplified as oral preparations. Regarding injections, astabilizing agent, an antiseptic agent and a 
solubilizing agent may be used in the preparation, or a solution which may contain these auxiliary agents may be 
contained in a container and made into a solid preparation by freeze-drying or the like means to be re-dissolved when 

35 used. In addition, a single dose may be contained in a single container or multiple doses may be contained in the same 
container. 

[0150] Also, solutions, suspensions, emulsions, ointments, gels, creams, lotions, sprays and the like can be exem- 
plified as preparations for external use. 

[01 51 ] Solid preparations may contain pharmaceutical ly acceptable additives together with the active compound and 
40 can be prepared for example by mixing the compound with additives optionally selected from fillers, extenders, binders, 
disintegrators, solubilization enhancing agents, moistening agents, lubricating agents and the like. 
[0152] As liquid preparations, solutions, suspensions, emulsions and the like can be exemplified, whteh may contain 
a suspending agent, an emulsifying agent and the like as additives. 

[01 53] Examples of the method for administering the compound of the invention to animals include a method In which 
45 it is orally administered directly or by mixing it with feed, a method in which it is made into a solution and then orally 

administered directly or by mixing it with drinking water or feed and a method in which It is administered by injection. 

As the pharmaceutical preparations for use in the administration of the compound of the invention to animals, it can 

be made optionally in to powders, fine subtilaes, soluble powders, syrups, solutions or injections making use of the 

techniques generally used in this field. 
so [0154] Formulation examples of the pharmaceutical preparations are shown below. 



Table 1 



Formulation Example 1 . (Capsules): 



55 



Compound of Inventive Example 2 
Corn starch 
CMC calcium 



100.0 mg 
23.0 mg 
22.5 mg 
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Table 1 (continued) 



Fomnulation Example 1. (Capsules): 


Hydroxy methyl cellulose 
Magnesium stearate 


3.0 mg 
1 .5 mg 


Total 


150.0 mg 


Fomnulatlon Example 2. (Solutions): 


Compound of Inventive Example 2 
Acetic acid or sodium hydroxide 
Ethyl para-hydroxybenzoate 
Purified water 


1 -10g 
0.5- 2 g 
0.1 g 
88.9 - 98.4 9 


Total 


100 g 


Formulation Example 3. (Powders for feed mixing use) ; 


Compound of Inventive Example 2 

Corn starch 

Light silicic anhydride 


1 -10g 
98.5 - 89.5 g 

0-5 g 


Total 


100 g 



BEST MODE FOR CARRYING OUT THE INVENTION 

25 [0155] The following describes the invention based on inventive examples and reference examples, though the in- 
vention is not limited thereto. 

[Reference Example 1] 

30 N-Methyl-N-methoxy-1-[1-(R)-phenylethyl]-5-oxopyrrolidine-3-(R)-carboxamide 

[0156] Under ice-cooling, oxalyl chloride (6.54 ml, 0.075 mol) and dimethylformamide (3 drops) were addedto dlchlo- 
romethane solution (200ml) of 1'[1-(R)-phenylethyl]-5-oxopyrrolidine-3-(R)-carboxylic acid (11.66 g, 0.05 moi) and 
stirred ovemlght at room temperature. After evaporation of the solvent under a reduced pressure, toluene (1 00 ml) 

55 was added and the solvent was again evaporated under a reduced pressure. The residue was mixed with dichlorometh- 
ane (200 ml) and N,0-methylhydroxylamine hydrochloride (5.47 g, 0.055 mol), and a dichloromethane solution (50 ml) 
of triethylamine (1 7.4 ml, 0.125 mol) was added dropwise to the mixture which was stirred under ice-cooling, spending 
15 minutes. This was stirred at ice-cooling for 30 minutes and then stirred at room temperature for 3 hours. The reaction 
solution was washed with 10% citric acid aqueous solution (100 ml), water (100 ml) and saturated sodium bicarbonate 

40 aqueous solution (100 ml) in that order and then dried over anhydrous sodium sulfate. The solvent was evaporated 
under a reduced pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with 
a chlorofoma:methanol system of from (50:1) to (20:1), 11.32 g (82%) of the title compound was obtained as a brown 
oil. ""H-NMR (400 MHz, CDCI3) 6: 1 .54 (3 H. d. J - 6.84 Hz), 2.65 (1 H, dd, J = 9.77, 7.09 Hz), 2.77 (1 H, dd, J = 8.79, 
7.09 Hz), 3.12 - 3.18 (1 H, m), 3.20 (3 H, s), 3.37 - 3.48 (1 H, m), 3.55-3.64 (1 H, m), 3.65 (3 H, s), 5.50 (1 H, q, J = 

45 6.84 Hz). 7.28 - 7.37(5 H, m). 

[Reference Example 2] 

4-(R)-Phenylcarbonyl-1 -[1 -(R)-phenylethyl]-2-pyrrolidone 

50 

[0157] In an atmosphere of nitrogen, phenylmagneslum bromide (3 mol/l diethyl ether solution, 15 ml) was added 
dropwise to tetrahydrofuran solution (50 ml) of N-methyl-N-methoxy-1-[1-(R)-phenylethyl]-5-oxopyrrolidine-3-(R)-car- 
boxamide (2.49 g, 9.0 mmol), and the mixture was stirred at room temperature for 30 minutes. The reaction solution 
was mixed with 1 mol/l hydrochloric acid (50 ml) under ice-cooling and then extracted with ethyl acetate (8 ml x 2). The 
55 organic layer was washed with saturated brine (100 ml) and then dried over anhydrous sodium sulfate. The solvent 
was evaporated under a reduced pressure and the resulting residue was applied to a silica gel column chromatography. 
By eluting with n-hexane: ethyl acetate (1:1), 2.36 g (89%) of the title compound was obtained as a light yellow 
oil. ^H-NMR (400 MHz, CDCI3) 5: 1 .55 (3 H, d, J = 6.83 Hz), 2.79 (1 H, dd, J = 1 7.09, 9.77 Hz), 2.81 (1 H, dd, J = 17.09, 
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7.81 Hz), 3.23 (1 H, dd, J = 9.76, 8.79 Hz), 3.71 (1 H, dd, J = 9.76, 6.35 Hz), 3.97 - 4.05 (1 H, m), 5.54 (1 H, q, J = 
6.83 Hz), 7,27 - 7.38 (5 H, m), 7.42 - 7.50 (2 H, m), 7.55 - 7.61 (1 H. m), 7.88 - 7.90 (2 H, m). 



[Reference Example 3] 

5 

4- (R) - [1-Hydroxy-1-phenylmethyl]-1-[1-(R) -phenylethyl]-2-pyrrolidone [F1]. [F2] 

[0158] Under Ice-cooling, sodlunn borohydride (280 nng) was added to anhydrous ethanol (40 ml) solution of 4- (R) 
-phenylcarbonyl-1' [1- (R) -phenylethyl] -2-pyrrolidone (2.17 g, 7.40 mmol), and the mixture was stirred at the same 

10 temperature for 1 hour. The reaction solution was mixed with 1 0% citric acid (50 ml) under ice-cooling and then ethanol 
was evaporated under a reduced pressure. The residue was extracted with chlorofonn (60 ml x 2), and the organic 
layer was washed with saturated brine (1 00 ml) and then dried over anhydrous sodium sulfate. The solvent was evap- 
orated under a reduced pressure and the resulting residue was applied to a silica gel column chromatography. By 
eluting with n-hexane:ethyl acetate (1 :3) to ethyl acetate (1 00%), 892 mg (41%) of the low polarity title compound [F1 ] 

15 and then 1 .163 g (53%) of the high polarity title compound [F2] were respectively obtained each as a light yellow oil. 
[F1]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .46 (3 H, d, J = 6.84 Hz). 2.03 - 2.14 (2 H, m), 2.44 - 2.54 (1 H, m), 3.05 - 3.09 (1 H. 
m), 3.36 - 3.40 (1 H, m), 3.47 (1 H, brs). 4.45 (1 H, d, J = 7.81 Hz), 5.38 (1H. q, J = 6.84 Hz), 7.22 - 7.31 (10 H, m). 
[F21; 

20 IH-NMR (400 MHz, CDCI3) 5: 1 .37 (3 H. d, J = 7.32 Hz), 2.26 - 2.32 (1 H, m), 2.40 - 2.55 (2 H, m), 2.73 - 2.77 (1 H, 
m), 3.00 - 3.04 (1 H, m), 4.32 (1 H, brs), 4.42 (1 H, d, J = 6.8 Hz), 5.33 (1 H, q, J = 7.32 Hz), 7.15 - 7.27 (10 H, m). 

[Reference Example 4] 

25 4-(R)-f1 -Azido-1 -phenylmethylM -f 1 -(R)-phenvlethyll-2-pyrrolidone [F1 ], [F2] 



[0159] Under ice-cooling, triethylamine (0.46ml) and methane sulfonyl chloride (217 ^il, 2.80 mmol) were added to 
dichloromethane (10 ml) solution of 4-(R)-[1-hydroxy-1-phenylmethyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone [F1] (738 
mg, 2.50 mmol), and the mixture was stirred at the same temperature for 1 hour. The reaction solution was mixed with 

30 1 0% citric acid (20 ml) under ice-cooling and extracted with chloroform (30mlx2). The organic layer was washed with 
saturated brine (100ml) and then dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced 
pressure, and the resulting residue was dissolved in N,N-dimethylfomiamide (10ml), mixed with sodium azide (488 
mg, 7.50 mmol) and then heated at 60°C for 1 .5 hours. After spontaneous cooling, the reaction solution was mixed 
with water (50 ml) and extracted with ethyl acetate (70 ml x 3), and the organic layer was washed with saturated brine 

35 (150 ml) and then dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and 
the resulting residue was applied to a silica gel column chromatography. By eluting with n-hexane:ethyl acetate (3:2), 
701 mg (87%) of the title compound was obtained as a colorless oil. 

[0160] The same reaction was also carried out regarding 4-(R)-[1-hydroxy-1-phenylmethyI]-1- [1-(R)-phenylethyl] 

-2-pyn'olidone [F2] (77%). 
40 [FIJ; 

iH-NMR (400 MHz, CDCI3) 6: 1 .46 (3 H, d, J = 7.32 Hz), 2.53 - 2.66 (3 H, m), 2.82 (1 H, dd, J= 9.76, 7.81 Hz), 2.94 

(1 H, dd, J = 9.76. 5.86 Hz), 4.37 (1 H. d, J= 7.81 Hz), 5.47 (1 H. q, J = 7.32 Hz). 7.21 - 7.42 (10 H, m). 

[F2]: 

iH-NMR (400 MHz, CDCI3) 5: 1 .54 (3 H, d, J = 7.33 Hz), 2.14 (1 H, dd, J = 17.09, 7.81 Hz), 2.26 (1 H, dd, J = 17.09, 
45 8.78 Hz), 2.55 - 2.65 (1 H, m) , 3.14 (1 H, dd, J = 10.26, 7.81 Hz), 3.32 (1 H, dd, J = 10.26, 6.34 Hz), 4.36 (1 H, d, J = 
9.28 Hz), 5.49 (1 H, q, J = 7.33 Hz), 7.26 - 7.43 (10 H, m). 

[Reference Example 5] 

50 4-(R)-[1 -Tert-butoxycarbonylamino-1 -phenylmethyl]-1 -[1 -(R)-phenylethyl]-2-pyrrolidone [F1], [F2] 

[0161] An ethanol (30 ml) solution of 4- (R) - [1 -azido-1 -phenyImethyl]-1-[1-(R) -phenylethyl] -2-pyn'olidone [F1] (641 
mg, 2.0 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 600 mg), and catalytic hydrogenation 
was can-ied out at room temperature for 6 hours under ordinary pressure. The reaction solution was filtered, and the 
55 solvent was evaporated under a reduced pressure. The residue was dissolved in dichloromethane (20 ml), mixed with 
di-tert-butyl dicarbonate (655 mg) and triethylamine (560 ^1) and then stirred at room temperature for 13 hours. Chlo- 
rofomn (50 ml) was added to the reaction solution, this was washed with 10% citric acid (8 ml) and water (8 ml), and 
the resulting organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced 
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pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with a n-hexane: 
ethyl acetate system of from (1 :1) to (2:3), 629 mg (80%) of the title compound was obtained as a colorless oil. 
[0162] The same reaction was also carried out regarding 4- (R) - [1-azido-1-phenylmethyl]-1- [1- (R) -phenylethyl] 
-2-pyrrolidone [F2] (76%). 
5 [F1]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .41 (9 H, s), 1 .46 (3 H, d, J = 7.32 Hz), 2.47 - 2.76 (3 H. m), 2.76 - 2.89 (1 H, m), 2.95 

- 3.08 (1 H, m), 4.62 - 4.73 (1 H. m). 4.99 - 5.11 (1 H. m), 5.47 (1 H, q, J = 7.32 Hz), 7.20 - 7.34 (10 H, m). 

[F2]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .37 (9 H, s), 1 .51 (3 H, d, J = 7.32 Hz), 2.08 - 2.26 (2 H, m), 2.52 - 2.65 (1 H, m), 3.06 
10 -3.18(1 H. m), 3.24 -3.32(1 H, m), 4.52 - 4.66 (1 H, m). 5.01 -5.11 (1 H, m), 5.47 (1 H, q, J = 7.32 Hz), 7.19 - 7.35 
(10 H. m). 

[Reference Example 6] 

15 3-(R)-[1 -Tert-butoxycarbonylamino-1 -phenylmethyl]-1 -[1 -(R) phenyiethyl]pyrrolidine [F1 ] 

[0163] tn an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (4.6 ml) was added dropwise to tetrahy- 
drofuran (10 ml) solution of 4-(R)-[1 -tert-butoxycarbonylamino-1 -phenylmethyl]-1-[1-(R)-phenyl ethyl]-2-pyn^olidone 
[F1] (600 mg, 1 .52 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 13 hours. After 

20 evaporation of the solvent under a reduced pressure, the resulting residue was mixed with 80% hydrous ethanol (15 
ml) andtriethylamine (3 ml) and heated under reflux for 5 hours. After spontaneous cooling, the solvent was evaporated 
under a reduced pressure, and chlorofomi (30 ml) was added to the resulting residue. This was washed with water 
(10 ml) and saturated brine (10 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a 
reduced pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with chlo- 

25 roformimethanol (20:1 ), 51 0 mg (88%) of the title compound was obtained as colorless crystals. 

[0164] The same reaction was also carried out regarding 4- (R) - [1 -tert-butoxycarbonylamino-1 -phenylmethyl]- 

1-[1-(R)-phenylethyl]-2-pyrrolidone [F2] (86%). 

[Fl]; 

^H-NMR (400 MHz, CDCI3) 6: 1 .34 (3 H, d, J = 6.35 Hz), 1 .47 (9 H, s), 1 .60 - 1 .78 (2 H. m), 2.18 - 2.39 (3 H, m). 2.42 
30 -2.54(1 H, m), 2.83 - 2.95 (1 H, m), 3.11 (1 H, q, J = 6.36 Hz), 4.47 - 4.57 (1 H, m), 6.06 - 6.1 8 (1 H, m), 7.16 - 7.33 
(10 H, m). 
[F2]; 

1H-NMR (400 MHz, CDCI3) 5: 1 .41 (3 H, d. J = 6.35 Hz), 1 .46 (9 H, s), 1 .67 - 1 .78 (1 H, m), 1 .89 - 2.02 (1 H, m), 2.04 

- 2.17 (1 H, m), 2.17 - 2.28 (1 H, m), 2.37 - 2.60 (2 H, m), 3.01 - 3.19 (2 H. m). 4.48 - 4.58 (1 H, m), 6.62 - 6.73 (1 H, 
35 m), 7.07 -7.34 (10 H,m). 

[Reference Example 7] 

3- (R)-[1 -Tert-butoxycarbonytamino-1 -phenylmethyljpyrrolidine [F1 ] 

40 

[0165] An ethanol (20 ml) solution of 3-(R)-[1 -tert-butoxycarbonylamino-1 -phenylmethyl]-1-[1-(R) - phenylethyllpyr- 
rolidine [Fl] (495 mg, 1.30 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 500 mg), and 
catalytic hydrogenation was carried out under ordinary pressure for 4 hours while heating at a temperature of 50°C. 
By filtering the reaction solution and evaporating the solvent under a reduced pressure, 359 mg (quantitative) of crude 
45 title compound was obtained as colorless crystals. This was used in the subsequent reaction without purification. 

[0166] The same reaction was carried out regarding 3-(R)-[1-tert-butoxycarbonyiamino-1 -phenylmethyl]-1 -[1-(R)- 
phenylethyl]pyrrolidine [F2] (quantitative). 

[Inventive Example 1] 

50 

5-Amino-7-[3-(R)-(1 -amino-1 -phenylmethyl)-1 -pyrrolidinyll-6,8-difluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]-1 ,4-dihydro- 

4- oxoquinoline-3-carboxylic acid [Fl] 

[0167] 3-(R)-[1 -Tert-butoxycarbonylamlno-1 -phenylmethyljpyn'olidine [F1 ] (332 mg, 1 .2 mmol) was added to an ac- 
55 etonitrile suspension (15 ml) of 5-amino-6,7,8-trifluoro-1-[2-(S)-fluoro-1-(S)-cyclopropyl]-1 ,4-dihydro-4-oxoquinoline- 
3-cariDOxylic acid (31 6 mg, 1 .0 mmol), and the mixture was heated under reflux for 1 4 hours in the presence of triethyl- 
amine (2 ml). After spontaneous cooling, the solvent was evaporated under a reduced pressure and the resulting 
residue was dissolved in chloroform (50 ml). This was washed with 1 0% citric acid (30 ml x 2) and saturated brine (20 
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ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure, and the resulting 
residue was mixed with concentrated hydrochloric acid {15ml) and stirred at room temperature for 10 minutes. This 
hydrochloric acid solution was washed with chlorofomn (20 ml x 3), adjusted to an alkaline liquid property by adding 
30% sodium hydroxide aqueous solution under ice-cooling and then stirred at room temperature for 1 hour. This sus- 

5 pension was adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric 
acid and then extracted with chlorofomn (100 ml x 3). The resulting organic layer was dried over anhydrous sodium 
sulfate and the solvent was evaporated under a reduced pressure. This was purified by recrystallizing from an ethanol- 
diethyl ether mixed solvent to obtain 241 mg (51%) of the title compound as light yellow crystals. 
1H-NMR(400 MHz, 0.1 mol/1 NaOD) 5: 1 .28 - 1 .43 (2 H, m), 1.53- 1.66(1 H, m), 2.16 - 2.28 (1 H. m). 2.31 -2.42(1 

10 H, m), 2.86 " 2.96 (1 H. m). 3.09 - 3.20 (1 H, m), 3.39 - 3.50 (2 H, m). 3.58 - 3.70 (2 H, m), 4,64 - 4.71 (0.5 H, m), 4.78 
- 4.96 (0.5 H. m), 7.27 - 7.40 (5 H. m). 8.10 (1 H, s). 

Melting point: 111.8 - IM.S^C (decomp.) 
Elemental analysis: for C24H23F3N4O3-0.25H2O 

IS 

Calcd.: C, 60.44; H, 4.97; N, 11.75. 
Found : C, 60.31; H, 4.92; N, 11.74. 

[Inventive Example 2] 

20 

5-Amino-7-[3-(R)>(1 -amino-1 -phenylmethyl)-1 -pyrrolidinyl]-6,8-dlfluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]-1 ,4-dlhydro- 
4-oxoquinoline-3-carboxylic acid [F2] 

[0168] 3- (R) - [1-Tert-butoxycarbonylamino-1-phenylmethyl]pyrrolidine [F2] (332 mg, 1.2 mmol) was added to an 
25 acetonltrile suspension (15 ml) of 5-amlno-6,7,8-trifluoro-1-[2-(S)-fluorD-1-(S)-cyclopropyl]-1,4-dlhydro-4-oxoquino- 
line-3-carboxylic acid (316 mg, 1.0 mmol), and the mixture was heated under reflux for 14 hours in the presence of 
triethylamine (2 ml). After spontaneous cooling, the solvent was evaporated under a reduced pressure and the resulting 
residue was dissolved in chlorofonn (50 ml). This was washed with 1 0% citric acid (30 ml x 2) and saturated brine (20 
ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure, and the resulting 
30 residue was mixed with concentrated hydrochloric acid (15ml) and stin-ed at room temperature for lOminutes. This 
hydrochloric acid solution was washed with chloroform (20 ml x 3), adjusted to an alkaline liquid property by adding 
30% sodium hydroxide aqueous solution under tee-cooling and then stirred at room temperature for 1 hour. This sus- 
pension was adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric 
acid and then extracted with chlorofonn (100 ml x 3). The resulting organic layer was dried over anhydrous sodium 
3S sulfate and the solvent was evaporated under a reduced pressure. This was purified by recrystallizing from an ethanol- 
diethyl ether mixed solvent to obtain 388 mg (82%) of the title compound as light yellow crystals. iH-NMR (400 MHz, 
0.1 mol/l NaOD) 5: 1.19 - 1 .58 (6 H, m), 2.27 - 2.43 (1 H, m), 3.27-3.41 (1 H, m), 3.46 - 3.74 (4 H, m). 4.71 -5.12(1 

H. m). 7.21 - 7.41 (5 H. m), 8.18 (1 H, s). 

40 Melting point: 202.3 - 205.1 °C (decomp.) 

Elemental analysis: for C24H23F3N403- O.25H2O 

Calcd.: C, 60.44; H, 4.97; N, 11.75. 
Found : C, 60.31; H, 4.89; N, 11.84. 

45 

[Inventive Example 3] 

7-[3-(R)-(1 -Amlno-1 -phenylmethyl)-1 -pyrrol idinyll-6-fluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]-1 ,4-dlhydro-8-methoxy- 
4-oxoquinoline-3-carboxyllc acid [F21 

50 

[0169] 3- (R) - [l-Tert-butoxycarbonylamino-l-phenylmethyljpyn-olidlne [F2] (304 mg, 1 .1 mmol) and triethylamine 
(0.42 ml) were added to a dimethyl sulfoxide (3 ml) solution of 6, 7-difluoro-1- [2- (S) -fluoro-1- (R) -cyclop ropy I]- 

I , 4-dihydro-8-methoxy-4-oxoquinoline-3-cart30xylic acid BF2 chelate (325 mg, 0.9 mmol), and the mixture was stirred 
at SO^'C for 1 9 hours. The solvent was evaporated under a reduced pressure, and the resulting residue was mixed with 

S5 80% hydrous ethanol (1 0 ml) and triethylamine (2 ml) and heated under reflux for 3 hours. After spontaneous cooling, 
the solvent was evaporated, the resulting residue was mixed with chlorofomn (50 ml), washed with 10% citric acid (40 
ml X 2) and water (50 ml) and dried over sodium sulfate, and then the solvent was evaporated. The resulting residue 
was mixed with concentrated hydrochloric acid (10 ml) and stirred at room temperature for 10 minutes, and then the 
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resulting water layer was washed with chloroform (20 ml x 3) and alkalified by adding 30% sodium hydroxide aqueous 
solution under ice-cooling. This was adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid 
and 1 mol/l hydrochloric acid and then extracted with chloroform (80 ml x 3). The resulting organic layer was dried over 
anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure. This was purified by recrystal- 
5 llzing from ethanol to obtain 294 mg (70%) of the title compound as light yellow crystals. 

1H-NMR (400 MHz, 0.1 mol/l NaOD) S: 1.23 - 1.61 (5 H, m), 2.42 - 2.57 (1 H, m), 3.32 - 3.44 (1 H, m). 3.51 (3 H, s), 
3.54 - 3.64 (1 H, m), 3.69 - 3.79 (2 H, m), 3.93 - 4.03 (1 H, m), 4.85 - 4.93 (0.5 H, m), 4.99 - 5.09 (0.5 H, m), 7.26 - 
7.44 (5 H, m), 7.65 (1 H, d, J = 14.16 Hz), 8.40 (1 H, s). 

10 Melting point: 141.8 - 144.2°C (decomp.) 

Elemental analysis: for C25H25F2N3O4-0.5H2O 

Calcd.: C, 62.75; H, 5.48; N. 8.78. 
Found : C. 63.00; H, 5.35; N, 8.78. 

15 

[Inventive Example 4] 

1 0-[3-(R)-(1 -Amino-1 -phenylmethyl)-1 -pyn'olidinyl]-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-pyrido[1 ,2,3-de][1 ,4] 
benzoxazine-6-carboxylic acid [F2] 

20 

[0170] 3-(R)-[1-Tert-butoxycarbonylamino-1-phenylmethyl]pyrrolidine [F2] (304 mg, 1.1 mmol) and triethylamine 
(0.42 ml) were added to a dimethyl sulfoxide (3 ml) solution of 9,10-difluoro-2,3-dihydro-3-(S)methyl-7-oxo-7H-pyrido 
[1 .2,3-de] [1 ,4]benzoxazine-6-carboxylic acid BFg chelate (296 mg, 0.9 mmol), and the mixture was stirred at 30°C for 
19 hours. The solvent was evaporated under a reduced pressure, and the resulting residue was mixed with 80% 

25 hydrous ethanol (10 ml) and triethylamine (2 ml) and heated under reflux for 3 hours. After spontaneous cooling, the 
solvent was evaporated, the resulting residue was mixed with chloroform (50 ml), washed with 10% citric acid (40 ml 
X 2) and water (50 ml) and dried over sodium sulfate, and then the solvent was evaporated. The resulting residue was 
mixed with concentrated hydrochloric acid (1 0 ml) and stin-ed at room temperature for 1 0 minutes, and then the resulting 
water layer was washed with chloroform (20 ml x 3) and alkalified by adding 30% sodium hydroxide aqueous solution 

30 under ice-cooling. This was adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid and 1 mol/ 
I hydrochloric acid and then extracted with chloroform (80 ml x 3). The resulting organic layer was dried over anhydrous 
sodium sulfate and the solvent was evaporated under a reduced pressure. This was purified by recrystallizing from 
ethanol to obtain 158 mg (40%) of the title compound as light yellow crystals. iH-NMR (400 MHz, 0.1 mol/l NaOD) 5: 
1 .35 - 1 .61 (5 H, m), 2.48 - 2.61 (1 H, m), 3.29 - 3.38 (1 H, m), 3.53 - 3.77 (4 H, m). 4.21 - 4.29 (1 H. m). 4.41 - 4,48 

35 (1 H, m), 4.52 - 4.61 (1 H, m), 7.28 - 7.42 (5 H, m), 7.51 (1 H, d. J = 13.18 Hz), 8.32 (1 H,s). 

Melting point: 169.3 - 171.0*'C (decomp.) 
Elemental analysis: for C24H24FN3O4-0.25H2O 

40 Calcd.: C, 65.22; H, 5.59; N, 9.51 . 

Found : C. 65.50; H, 5.50; N, 9.52. 

[Inventive Example 5] 

45 5-Amino-7-[3-(R)-(1 -amino-1 -phenylmethyl)-1-pyrrolidinyl]-6-fluoro-1-[2- (S) -fluoro-l-(R) -cyclopropyl]-1 ,4-dihydro> 
e-methyl-4-oxoquinoline-3-carboxylic acid [F2] 

[0171] 3- (R) - [l-Tert-butoxycarbonylamino-l-phenylmethyljpyn-olidine [F2] (414 mg, 1.5 mmol) and triethylamine 
(2 ml) were added to a dimethyl sulfoxide (3 ml) solution of 5-amino-6,7-difluoro-1-[2- (S) -fluoro-l-(R) -cyclopropyl]- 

50 1 ,4-dihydro-8-methyl-4-oxoquinoline-3-cartDoxylic acid (31 2 mg, 1 .0 mmol), and the mixture was stinted at 130'*C for 5 
days in an atmosphere of nitrogen. The solvent was evaporated and the resulting residue was mixed with chlorofomn 
(60 ml), this was washed with 10% citric acid (40 ml x 2) and dried over sodium sulfate, and then the solvent was 
evaporated. The resulting residue was mixed with concentrated hydrochloric acid (10ml) and stin-ed at room temper- 
ature for 1 0 minutes, and then the resulting water layer was washed with chlorofomn (30 ml x 3) and alkalified by adding 

S5 30% sodium hydroxide aqueous solution under ice-cooling. This was adjusted to a liquid property of pH 7.6 by adding 
concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chlorofonn (80 ml x 3). The re- 
sulting organic layer was dried over sodium sulfate, the solvent was evaporated, and then the resulting residue was 
applied to a preparative TLC. This was subjected to separation and purification by developing with the lower layer of 
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chloroform : methanol : water = 7:3:1 , thereby obtaining 148 mg (32%) of crude title compound. This was purified by 
recrystallizing from an ethanol-hexane mixed solvent to obtain 79 mg (1 7%) of the title compound as light yellow crys- 
tals. 

1H-NMR (400 MHz, 0.1 mol/l NaOD) 5: 0.90 - 1 .09 (2 H, m), 1 .22 - 1 .51 (3 H, m), 2.16 (3 H, s), 2.34 - 2.49 (1 H, m), 
5 2.99 - 3.09 (1 H, m), 3.35 - 3.46 (1 H, m), 3.46 - 3.62 (1 H, m). 3.62 - 3.73 (1 H, m), 3.78 - 3.89 (1 H, m), 4.79 - 4.88 
(0.5 H, m), 4.94 - 5.04 (0.5 H, m), 7.22 - 7.41 (5 H, m), 8.26 (1 H. s). 

Melting point: 179.4 - 183.6*'C (decomp.) 
Elemental analysis: for C25H26F2N4O3 

10 

Calcd.: C. 64.09; H. 5.59; N, 11.96. 
Found : C, 63.91 ; H, 5.40; N, 11 .96. 

[Inventive Example 6] 

IS 

7- f3-(R)-(1 -Amino-1 -phenylmethyQ-l -pyrrol idiny I]- 1 -[2-(S)>fluoro-1 -(R)-cyciopropyl]-1 ,4-dihydro-8-methoxy- 
4-oxoqutnoline-3-carboxyllc acid [F2] 

[0172] 3- (R) - [l-Tert-butoxycarbonylamino-l-phenylmethyllpyn-olidlne [F2] (304 mg, 1.1 mmol) and triethylamine 
20 (1 ml) were added to a dimethyl sulfoxide (5 ml) solution of 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro- 

8- methoxy-4-oxoquinoIine-3-carboxylic acid (266 mg, 0.9 mmol), and the mixture was stirred at 100°C for 14 hours. 
The solvent was evaporated under a reduced pressure and the resulting residue was mixed with chloroform (60 ml), 
this was washed with 1 0% citric acid (40 ml x 2) and water (50 ml) and dried over sodium sulfate, and then the solvent 
was evaporated. The resulting residue was mixed with concentrated hydrochloric acid (1 0ml) and stirred at room tem- 

25 perature for 1 0 minutes, and then the resulting water layer was washed with chloroform (20 mi x 3) and alkalified with 
30% sodium hydroxide aqueous solution under ice-cooling. This was adjusted to a liquid property of pH 7.2 by adding 
concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chloroform (80 ml x 3). The re- 
sulting organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated under a reduced pres- 
sure. This was purified by recrystallizing fran an ethanol-hexane mixed solvent to obtain 274 mg (67%) of the title 

30 compound as light yellow crystals. 

^H-NMR (400 MHz, 0.1 mol/l NaOD) 6: 1 .25 - 1.67 (4 H, m), 2.48 - 2.61 (1 H, m), 3.30 - 3.49 (3 H, m), 3.49 (3 H, s), 
3.61 - 3.71 (1 H, m). 3.71 - 3,79 (1 H, m), 3.94 - 4.02 (1 H, m). 4.88 - 4.94 (0.5 H, m), 5.03 - 5.10 (0.5 H, m), 7.00 (1 
H, d. J = 9.28 Hz), 7.31 - 7.43 (5 H, m), 7.92 (1 H, d, J = 9.28 Hz), 8.39 (1 H, s). 

35 Melting point: 116.8 - 120.4°C (decomp.) 

Elemental analysis: for C25H26FN3O4-0.25H2O 

Calcd.: C, 65.85; H, 5.86; N, 9.21 . 
Found: C. 66.14; H. 5.80; N, 9.18. 

40 

[Reference Example 8] 

4-(R)-(2-Methoxy)phenylcarbonyM-[1-(R)-phenylethyl]-2'pyrrolldone 

45 [0173J In an atmosphere of nitrogen, 1 mol/l 2-methoxyphenylmagnesium bromide (38 ml) prepared from 2-bro- 
moanisole was added dropwise totetrahydrofuran solution (50 ml) of N-methyl-N-methoxy-1-[1-(R)-phenylethyl]-5-ox- 
opyrrolldine-3-carboxamide (6.20 g, 22.4 mmol). and the mixture was stirred at room temperature for 5 minutes. The 
reaction solution was mixed with 1 mol/l hydrochloric acid (40 ml) under ice-cooling and then extracted with ethyl 
acetate (80 ml x 2). The organic layer was washed with saturated brine (100 ml) and dried over anhydrous sodium 

so sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel 
column chromatography. By eluting with a n-hexane:ethyl acetate system of from (1 :2) to (1 :3), 2.45 g (33%) of the 
title compound was obtained as a light yellow oil. 

1H-NMR (400 MHz, CDCI3) 6: 1 .54 (3 H, d, J = 6.84 Hz), 2.73 (2 H, d, J = 8.30 Hz), 3.18 (1 H, dd, J = 8.79. 9.77 Hz), 
3.66 (1 H, dd, J = 6.34, 9.77 Hz), 3.82 (3 H. s), 4.04 (1 H, dd, J= 6.34. 8.79 Hz). 5.51 (1 H. q, J = 6.84 Hz). 6.94 (1 H. 
55 d, J = 8.30 Hz), 7.00 - 7.04 (1 H, m), 7.27 - 7.38 (5 H, m), 7.47 - 7.51 (1 H, m), 7.68 - 7.70 (1 H, m). 
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[Reference Example 9] 

4-(R)-[1 -Azido-1 -(2-methoxy)phenylmethyl]-1 -[1 -(R)-phenylethyll>2-pyrrolidone [F1 j [F2] 

5 [0174] Under ice-cooling, sodium borohydrlde (150 mg) was added to an ethanol (30 ml) solution of 4-(R)-(2-methoxy) 
phenylcarbonyl-1-[1-(R)-phenylethyl]-2-pyrrolidone (2.45 g, 7,57 mmol), and the mixture was stirred at the same tem- 
perature for 20 minutes. The reaction solution was mixed with water (30 ml), stirred at room temperature for 30 minutes 
and then extracted with chloroform (80 ml x 3). The organic layer was washed with saturated brine (1 00 ml) and dried 
over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was 

10 applied to a silica gel column chromatography. By eluting with 2% methanol-chlorofonn, 1 .97 g (6.05 mmol) of a syn- 
thesis intermediate 4- (R) - [1 - (2-methoxy)phenyl-1 -hydroxymethyl] -1 - [1 - (R)-phenylethyl]-2-pyrrolidone was obtained 
as a colorless oil (1:1mixture of isomers). This was made into a dichloromethane (35 ml) solution, mixed with meth- 
anesulfonyl chloride (900 mg, 7.87 mmol) and triethylamine (1 .8 ml) and then stirred at room temperature for 60 hours. 
The reaction solution was washed with water (30ml) and saturated brine (50ml), the organic layer was dried over 

IS anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. The resulting residue was 
dissolved in N,N-dimethylformamide (40 ml), mixed with sodium azide (2.11 g) and then heated at 80°C for 13 hours. 
After spontaneous cooling, the reaction solution was mixed with water (50 ml) and extracted with ethyl acetate (70 ml 
X 3), and the resulting organic layer was washed with saturated brine (150 ml) and dried over anhydrous sodium sulfate. 
The solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel column 

20 chromatography. By eluting with n-hexane:ethyl acetate (2:1), 621 mg (29%) of the low polarity title compound [F1] 
and 1 .0 g (47%) of the high polarity title compound [F2] were obtained in succession each as a coloriess oil. 
[F1]; 

^H-NMR (400 MHz, CDCI3) 6: 1 .47 (3 H, d, J = 6.83 Hz), 2.49 - 2.55 (2 H, m). 2.66 - 2.73 (1 H, m), 2.85 - 2.94 (1 H, 
m). 2.97 - 3.05 (1 H, m), 3.83 (3 H, s), 4.95 (1 H, d, J = 7.81 Hz), 5.49 (1 H. q, J = 6.83 Hz). 6.92 (1 H, d, J = 8.30 Hz), 
25 6.97 - 7.01 (1 H, m). 7.23 - 7.34 (7 H. m). 

[F2J: 

1H-NMR (400 MHz, CDCI3) S: 1.55 (3 H, d, J = 6.84 Hz), 2 18 -2.34 (2 H, m), 2.63-2.74 (1 H. m), 3.10 (1 H, dd, J = 
8.30, 10.25 Hz), 3.30 (1 H, dd, J = 6.84, 10.25 Hz), 3.84 (3 H, s), 4.94 (1 H, d, J = 9.28 Hz), 5.49 (1 H, q, J = 6.84 Hz). 
6.92 (1 H, d, J = 8.30 Hz), 6.98 - 7.01 (1 H, m), 7.25 - 7.36 (7 H, m). 

30 

[Reference Example 1 0] 

4-(R)-[1 -Tert-butoxycarbonylamino-1 -(2-methoxy)phenylmethyll-1 -[1 -(R)-phenylethyl]-2-pyrrolidQne [F1 ], [F2] 

35 [0175] An ethanol (40 ml) solution of 4-(R)-[1 -azido-1 -(2-methoxy) phenylmethyl] -1- [1- (R) -phenylethyl] -2-pyrro- 
lidone [F1] (621 mg, 1 .77 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 700 mg) to carry out 
catalytic hydrogenation at room temperature for 1 hour under ordinary pressure. The reaction solution was filtered and 
the filtrate was evaporated under a reduced pressure. The resulting residue was dissolved in dichloromethane (40 ml), 
mixed with di-tert-butyl dicariaonate (600 mg) and triethylamine (1 ml) and then stirred at room temperature for 15 

40 hours. The reaction solution was evaporated under a reduced pressure, the resulting residue was mixed with chlorofomn 
(20 ml) and washed with water (10 ml), and then the organic layer was dried over anhydrous sodium sulfate. The 
solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel column chro- 
matography (silica gel, 20 g). By eluting with n-hexane: ethyl acetate (1:2), 589 mg (78%) of the title compound [F1] 
was obtained as coloriess amorphous. 

45 [0176] The same reaction was also carried out regarding 4-(R)-[1 -azido-1 -(2-methoxy)phenylmethyl]-1-[1-(R)-phe- 
nylethyl]-2-pyrrolidone [F2] (80%). 
[F1]; 

1H-NMR (400 MHz, CDCI3) 5: 1 .42 (9 H, s), 1 .47 (3 H, d, J = 6.84 Hz), 2.50 - 2.54 (2 H, m), 2.70 - 2.86 (2 H, m) , 2.92 

- 3.01 (1 H, m), 3.82 (3 H, s), 4.73 - 4.80 (1 H, m). 5.45 - 5.56 (2 H, m), 6.85 - 6.93 (2 H. m), 7.12 - 7.30 (7 H, m). 
SO [F2]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .41 (9 H, s), 1 .54 (3 H, d, J = 7.33 Hz), 2.03 - 2.15 (2 H, m), 2.68 - 2.81 (1 H, m), 3.00 

- 3.13 (1 H, m), 3.22 - 3.35 (1 H, m), 3.84 (3 H, s), 4.60 - 4.72 (1 H, m), 5.39 - 5.56 (2 H, m), 6.79 - 6.96 (2 H, m), 7.05 

- 7.38 (7 H. m). 

55 
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[Reference Example 1 1 J 

3- (R) - [1Tert-butoxycart3onylamino-1-(2-methoxy)phenylmethyl]-1-[1'(R)-phenylethyllpyrrolid [F1], [F2] 

s [0177] In an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (5.5 ml) was added dropwise to a tetrahy- 
drofuran (20 ml) solution of 4-(R)-[1-tert-butoxycait)onylamino-1-(2-methoxy)phenylmethyl]-1-[1-(R)-phenylethyl]- 

2- pyrrolidone [F1] (589 mg, 1 .39 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 
1 7 hours. After adding methanol (1 0 ml) under ice-cooling and subsequent stimng at room temperature for 20 minutes, 
the solvent was evaporated under a reduced pressure. The resulting residue was dissolved in 80% hydrous ethanol 

10 (40 ml) and heated under reflux for 30 minutes in the presence of triethylamine (3 ml). After spontaneous cooling of 
the reaction solution, the solvent was evaporated under a reduced pressure, chlorofomn (30ml) was added to the 
resulting residue, and the resulting organic layer was washed with water (10 ml) and saturated brine (10 ml) and dried 
over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was 
applied to a silica gel column chromatography. By eluting with 3% methanol-chlorofomn, 488 mg (86%) of the title 

IS compound was obtained as a colorless oil. 

[0178] The same reaction was also carried out regarding 4-(R)-[1-ten-butoxycarbonylamino-1-(2-methoxy)phenyl- 

methyl]-1-[1-(R)-phenyIethyl]-2-pyn'olidone [F2) (99%). 

F11; 

"•H-NMR (400 MHz, CDCI3) 5: 1 .32 (3 H, d, J = 6.34 Hz), 1 .45 (9 H, s), 1 .66 - 1 .74 (2 H. m), 2.18 - 2.31 (3 H, m), 2.70 
20 . 2.85 (2 H, m), 3.11 (1 H, q, J= 6.34 Hz). 3.79 (3 H, s), 4.70 (1 H, t, J= 7.32 Hz), 6.17 (1 H, brd, J = 6.35 Hz), 6.80 - 
6.91 (2 H. m). 7.1 7 - 7.33 (7 H, m). 
[F2]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .40 (3 H, d, J = 6.83 Hz), 1 .45 (9 H, s), 1 .80 - 1 .92 (1 H, m), 2.1 7 - 2.30 (2 H, m). 2.32 
-2.42(1 H,m). 2.53-2.61 (1 H, m). 2.75 - 2.82 (1 H, m), 2.89 - 2.98 (1 H, m), 3.10 - 3.18 (1 H, m), 3.79 (3 H. s), 4.74 
25 (1 H, t, J = 6.83 Hz), 6.78 (1 H, d. J = 7.81 Hz). 6.97 - 7.35 (8 H, m). 

[Reference Example 12] 

3- (R)-[1-Tert-butoxycarbonylamino-1 -(2-methoxy)phenylmethyl]pyrrolidine [F1], [F2] 

30 

[01 79] An ethanol (30 ml) solution of 3-(R)'[1 -tert-butoxycarbonylamino-1 -(2-methoxy)phenylmethyl]-1 -[1 -(R)-phe- 
nylethyl] -2-pyrrolidine [F1 ] (488 mg, 1 .19 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 500 
mg) and subjected to 3 hours of catalytic hydrogen ation under ordinary pressure while heating at 50**C. The reaction 
solution was filtered and the filtrate was evaporated under a reduced pressure to obtain 353 mg (97%) of crude title 
35 compound as colorless crystals. This was used in the subsequent reaction without purification. 

[0180] The same reaction was also carried out regarding 3-(R)-[1 -tert-butoxycarbonylamino-1 -(2-methoxy)phenyl- 
methyt]-1-[1-(R)-phenylethyl]-2-pyn'olidlne [F2] (97%). 

[Inventive Example 7] 

40 

5'Amino-7-[3-(R)-(1 -amino-1 -(2'methoxy)phenylmethyl)-1 -pyrrolidinyl]-6,8-difluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]- 
1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid [Fl] 

[0181] 3-(R)-[1-Tert-butoxycariDonylamino-1-(2-methoxy)phenylmethyl]pyn'olidlne [Fl] (353 mg, 1.15 mmol) was 
45 added to an acetonrtrile suspension (16ml) of 5-amino-6,7,8-trifluoro-1- [2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro- 
4-oxoquinoline-3-carboxylic acid (316 mg, 1.0 mmol), and the mixture was heated under reflux for 11 hours in the 
presence of triethylamine (3 ml). After spontaneous cooling, the solvent of the reaction solution was evaporated under 
a reduced pressure and the resulting residue was dissolved in chlorofomn (50 ml). This was washed with 10% citric 
acid (30 ml x 2) and saturated brine (20 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated 
50 under a reduced pressure, and the resulting residue was mixed with concentrated hydrochloric acid (3ml) and stirred 
at room temperature for 5 minutes. This hydrochloric acid solution was washed with chlorofomn (20 ml x 3), adjusted 
to an alkaline liquid property by adding 30% sodium hydroxide aqueous solution under ice-cooling and then stin-ed at 
room temperature for 1 hour. This suspension was adjusted to a liquid property of pH 7.4 by adding concentrated 
hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chlorofomn (80 ml x 3). The resulting organic 
55 layer was dried over anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure to obtain 
482 mg of crude title compound. This was purified by recrystallizing from a methanol-ethanol mixed solvent to obtain 
213 mg of the title compound. 

iH-NMR (400 MHz, 0.1 mol/l NaOD) 6: 1.18 - 1.38 (2 H, m), 1 .41 - 1.55 (1 H, m), 2.05 - 2.18 (1 H, m), 2.28 - 2.40 (1 



40 



EP1 182 202 A1 



H, m), 2.77 - 2.88 (1 H, m), 3.02 - 3.16 (1 H, m), 3.15 - 3.33 (2 H, m), 3.43 - 3.52 (1 H, m), 3.64 (3 H, s), 3.78 - 3.85 (1 
H, m). 4.48 - 4.55 (0.5 H, m). 4.65 - 4.73 (0.5 H. m), 6.84 - 6.88 (2 H, m). 7.12 - 7.20 (2 H, m), 8.08 (1 H. s). 

Melting point: 114,8 - 126.6''C 
5 Elemental analysis: for C25H25F3N4O4 • 1 .25H2O 

Calcd.: C, 57.19; H, 5.28; N, 10.67. 
Found : C, 57.18; H, 5.12; N, 10.61. 

10 [Inventive Exannple 8] 

5-Amino-7- [3- (R)-(1 -anninO'1 -(2-methoxy)phenylmethyl)-1 >pyrrolidinyi]-6:8-difluoro-1 -[2-(S)-fluoro-1 -(R)- 
cyclopropvl]-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid [F2] 

15 [0182] 3- (RH1-Tei1-butoxycarbonylamino-1-(2-nnethoxy)phenylmethyl]pyrrolidine [F2] (353 mg, 1.15 mmol) was 
added to an acetonitrile suspension (15 ml) of 5-amino-6T,8-trifluoro-1-[2-{S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro- 
4-oxoquinoline-3-carboxylic acid (316 mg, 1.0 mmol), and the mixture was heated under reflux for 11 hours in the 
presence of triethylamine (3 ml). After spontaneous cooling, the solvent of the reaction solution was evaporated under 
a reduced pressure and the resulting residue was dissolved in chlorofonn (50 ml). This was washed with 10% citric 

20 acid (30 ml x 2) and saturated brine (20 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated 
under a reduced pressure, and the resulting residue was mixed with concentrated hydrochloric acid (3ml) and stirred 
at room temperature for 5 minutes. This hydrochloric acid solution was washed with chloroform (20 ml x 3), adjusted 
to an alkaline liquid property by adding 30% sodium hydroxide aqueous solution under ice-cooling and then stirred at 
room temperature for 1 hour. This suspension was adjusted to a liquid property of pH 7.4 by adding concentrated 

25 hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chlorofomri (80 ml x 3). The resulting organic 
layer was dried over anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure to obtain 
468 mg of crude title compound. This was purified by recrystallizing from a methanol-ethanol mixed solvent to obtain 
226 mg of the title compound. 

1H-NMR (400 MHz, 0.1 mol/1 NaOD) 6: 1.05-1.48 (4 H, m), 2.19-2.38 (1 H, m), 3.05 - 3.58 (5 H, m), 3.52 (3 H. s), 
30 3.72 - 3.80 (1 H, m). 4.52 - 4.60 (0.5 H. m). 4.70 - 4.79 (0.5 H, m), 6.65 - 6.80 (2 H, m). 6.94 - 7.1 0 (2 H. m), 8.12 (1 H, s). 

Melting point: 251 .1 - 253.2''C 
Elemental analysis: for C25H25F3N4O4 

35 Calcd.: C, 59.76; H, 5.01 ; N. 11 .15. 

Found : C, 59.89; H, 5.05; N, 11.12. 

[Reference Example 13] 

40 4-(R)-(2,4-Difluoro)phenylcarbonyl-1-[1-(R)-phenylethyl]-2-pyrrolidone 

[0183] In an atmosphere of nitrogen, 1 mol/l of 2,4-difluorophenylmagnesium bromide (54.3 ml) prepared from 2,4-di- 
fluorobromobenzene was added dropwise to a tetrahydrofuran solution (110 ml) of N-methyl-N-methoxy-1 -[1 -(R)-phe- 
nylethyl]-5-oxopyrrolldlne-3-cari30xamide (5.50 g, 19.9 mmol), and the mixture was stirred at 50*C for 4 hours. The 

45 reaction solution was mixed with 1 mol/l hydrochloric acid (1 50 ml) under ice-cooling and extracted with ethyl acetate 
(150 ml X 2), and then the organic layer was washed with saturated brine (100 ml) and dried over anhydrous sodium 
sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel 
column chromatography. By eluting with a n-hexane:ethyl acetate system of from (2:1) to (1:1), 2.00 g (29%) of the 
title compound was obtained as a light yellow oil. 

50 1H-NMR (400 MHz, CDCI3) 5: 1 .55 (3 H. d, J = 6.83 Hz), 2.70 - 2.85 (2 H. m), 3.21 (1 H, t, J = 9.28 Hz), 3.71 - 3.75 (1 
H, m), 3.85 - 3.90 (1 H, m), 5.52 (1 H, q. J = 6.83 Hz), 6.85 - 6.91 (1 H, m), 6.98 - 7.03 (1 H, m), 7.26 - 7.92 (5 H, m), 
7.94 - 7.97 (1 H. m). 

[Reference Example 1 4] 

55 

4-(R)-[1-Azido-1-(2.4-difluoro)phenylmethyl-1-[1-(R)-phenylethyl]-2-pyrrolidone[F1], [F2] 

[0184] Under ice-cooling, sodium borohydride (332 mg, 8.77 mmol) was added to a methanol (60 ml) solution of 
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4-(R)-(2,4-clifluoro)phenylcarbonyM-[1- (R) -phenylethyl] -2-pyrrolidone (2.89 g, 8.78 mmol), and the mixture was 
stirred at the same temperature for 30 minutes. The reaction solution was mixed with saturated ammonium chloride 
aqueous solution (3 ml) and stirred at room temperature for 30 minutes. The reaction mixture was extracted with ethyl 
acetate (80 ml x 3), and the organic layer was washed with saturated brine (1 00 ml) and dried over anhydrous sodium 

5 sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel 
column chromatography. By eluting with a n-hexane:ethyl acetate system of from (2:1) to (1:2), 2.09 g (72%) of a 
synthesis intennediate 4-(R)-[1-(2,4-difluoro)phenyl-1-hydroxymethyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone was ob- 
tained as a colorless oil (1 :1 mixture of isomers). A 1 .76 g (5.30 mmol) portion of this was dissolved in dichloromethane 
(35 ml), and the solution was mixed with triethylamlne (1 .04 ml, 7.46 mmol) and methanesuifonyl chloride (492 p.!, 6.36 

10 mmol) under ice-cooling and then stirred at the same temperature for 30 minutes. The reaction solution was washed 
with saturated ammonium chloride aqueous solution (30ml) and saturated brine (50ml), the organic layer was dried 
over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. The resulting residue 
was dissolved In N,N-dimethylfonnamide (17ml), mixed with sodium azide (862 mg, 13.3 mmol) and then heated at 
50''C for 14 hours. After spontaneous cooling, the reaction solution was mixed with water (50 ml) and extracted with 

IS ethyl acetate (70 ml x 2), and the resulting organic layer was washed with water (50ml x 3) and saturated brine (150 
ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting 
residue was applied to a silica gel column chromatography. By eluting with n-hexane : ethyl acetate (2:1), 913 mg 
(40%) of the low polarity title compound [F1 ] and 894 mg (39%) of the high polarity title compound [F2] were obtained 
In succession each as a colorless oil. 

20 [F1] 

^H-NMR (400 MHz, CDCI3) 5: 1 .49 (3 H, d, J = 7.32 Hz), 2.53 - 2.65 (3 H. m), 2.86 - 2.91 (1 H, m), 2.96 - 2.99 (1 H, 
m) . 4.77 (1 H, d, J = 8.30 Hz), 5.49 (1 H. q, J = 7.32 Hz), 6.85 - 6. 90 (1 H, m), 6.93 - 6.97 (1 H, m), 7.23 - 7.36 (6 H. m). 
[F2] 

1H-NMR (400 MHz. CDCI3) 6: 1.55 (3 H, d, J = 7.32 Hz), 2.17 (1 H, dd. J= 8.06, 16.85 Hz), 2.31 (1 H, dd, J = 9,04, 
25 16.85 Hz), 2.61 - 2.67 (1 H, m), 3.13 (1 H. dd, J = 8.06. 10.25 Hz), 3.29 (1 H, dd, J = 6.35, 10.25 Hz), 4.75 (1 H, d, J 
= 9.28 Hz), 5.49 (1 H, q, J = 7.32 Hz), 6.65 - 6.91 (1 H, m), 6.93 - 6.97 (1 H, m), 7.26 - 7.36 (6 H, m). 

[Reference Example 15] 

30 4- (R) - [1-Tert-butoxycarbonylamino-1-(2,4-difluoro)phenylmethyl]-1- [1- (R) -phenylethyl] -2-pyrrolidone [F1], [F2] 

[0185] An ethanol (20 ml) solution of 4-(R)-[1-azldo-1-(2,4-difluoro)phenylmethyl]-1- [1- (R) -phenylethyl] -2-pyrro- 
lidone [F1] (913mg, 2.56mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 900 mg) to carry out 
catalytic hydrogenation at room temperature for 1 hour under ordinary pressure. The reaction solution was filtered and 

35 the solvent of the filtrate was evaporated under a reduced pressure. The resulting residue was dissoh^ed in dichlo- 
romethane (20 ml), mixed with di-tert-butyl dicarbonate (647 p.1, 2.82 mmol) and triethylamine (464 ^1, 3.33 mmol) and 
then stirred at room temperature for 24 hours. The reaction solution was evaporated under a reduced pressure, and 
the resulting residue was applied to a silica gel column chromatography. By eluting with n-hexane:ethyl acetate (1 :1), 
567 mg (52%) of the title compound [F1] was obtained as colorless amorphous. 

40 [0186] The same reaction was also candled out regarding 4-(R)-[1-azido-1 -(2, 4-difluoro)phenylmethyl]-1 -[1-(R)-phe- 
nylethyl]-2-pyrrolidone [F2] (84%). 
[F1]; 

^H-NMR (400 MHz. CDCI3) 5: 1 .41 (9 H. s). 1 .48 (3 H, d, J = 6.84 Hz), 2.44 - 2.95 (5 H, m), 4.78 - 4.80 (1 H. m), 5.04 

- 5.07 (1 H, m), 5.49 (1 H, q, J = 6.84 Hz), 6.78 - 6.87 (2 H, m), 7.18 - 7.32 (6 H, m). 

[F2]; 

iH-NMR (400 MHz, CDCI3) 5: 1.40 (9 H, s), 1.55 (3 H, d. J = 7.33 Hz), 2.08 (1 H, dd, J = 8.06, 17.09 Hz), 2.22 (1 H, 
dd, J = 8.79, 1 7.09 Hz). 2.65 - 2.67 (1 H, m), 3.1 0 - 3.14 (1 H, m). 3.25 - 3.29 (1 H, m), 4.70 - 4.72 (1 H, m), 4.99 - 5.01 
(1 H, m), 5.49 (1 H, q, J = 7.33 Hz), 6.79 - 6.89 (2 H, m), 7.26 - 7.37 (6 H, m). 

50 [Reference Example 1 6] 

3-(R)-[1 -Tert-butoxycarbonylamino-l -(2,4-dlf luoro)phenylmethyl]-1 -[1 -(R)-phenyiethvl]pyn^olidine [F1 ]. [F2] 

[0187] In an atmosphere of nitrogen, 1 Mborane-tetrahydrof uran complex (9.60 ml) was added dropwise to a tetrahy- 
55 drof uran solution (1 2 ml) of 4- (R) - [1 -tert-butoxycarbonylamino-1 -(2,4-difluoro)phenylmethyl]-1 - [1 - (R) -phenylethyl] 
-2-pyrrolidone [F1] (560 mg, 1 .30 mmol) under Ice-cooling, and then the mixture was stln-ed at room temperature for 
1 7 hours. After evaporation of the solvent under a reduced pressure, the resulting residue was dissolved in 80% hydrous 
ethanol (10 ml) and heated under reflux for 1 hour in the presence of triethylamine (1 ml). After spontaneous cooling 
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of the reaction solution, the soivent was evaporated under a reduced pressure, chloroform (30 ml) was added to the 
resulting residue, and then the resulting organic layer was washed with saturated ammonium chloride aqueous solution 
(10 ml) and saturated brine (10 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a 
reduced pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with n- 
5 hexane:ethyl acetate (1 :1), 485 mg (90%) of the title compound was obtained as a colorless oil. 

[0188] The same reaction was also earned out regarding 4- (R) - [1-tert-butoxycarbonylamlno-1-(2,4-difluoro)phe- 

nylmethyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone [F2] (82%). 

[F1]; 

1H-NMR (400 MHz, CDCI3) 5: 1 ,37 (3 H, d, J = 6.84 Hz), 1 .48 (9 H, s), 1 .67 - 1 .69 (1 H, m), 2.20 - 2.24 (1 H, m), 2.36 
10 - 2.39 (1 H, m). 2.57 - 2.59 (1 H. m), 3.01 - 3.15 (2 H, m), 4.67 - 4.72 (1 H. m), 6.35 - 6.39 (1 H, m), 6.71 - 6.83 (2 H, 
m), 7.22-7.36 (6 H. m). 
[F2]; 

IH-NMR (400 MHz, CDCI3) 6: 1 .41 (3 H, d, J = 6.84 Hz), 1 .48 (9 H. s). 1 .74 - 1 .76 (1 H, m), 2.01 - 2.04 (2 H, m), 2.19 
-2.23 (1 H,m), 2.35 -2.44(1 H, m). 3.14 - 3.1 7 (2 H, m), 4.71 -4.73(1 H, m), 6.68 - 6.70 (1 H, m), 6.89 -6.95 (2 H 
15 m). 7.26- 7.34 (6 H,m). 

[Reference Example 17] 

3-(R)-[1-Tert-butoxycarbonvlamino-1-(2,4-difluoro)phenylmethyl]pyrrolidlne [Fl], [F2] 

20 

[0189] An ethanol (1 0 ml) solution of 3-(R)-[1 -tert-butoxycarbonylamino-1 -(2,4-difluoro)phenylmethyl]-1 - [1 -(R)-phe- 
nyiethyl]-2-pyrrolidine [Fl] (243 mg, 0.58 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 245 
mg) and subjected to 2 hours of catalytic hydrogenation under ordinary pressure while heating at 50°C. The reaction 
solution was filtered and the solvent of the filtrate was evaporated under a reduced pressure to obtain 200 mg of the 
25 crude title compound as colorless crystals. This was used in the subsequent reaction without purification. 

[0190] The same reaction was also can-ied out regarding 3-(R)-[1 -tert-butoxycait>onylamino-1 -(2,4-difluoro)phenyl- 
methyl]-1 -[1 -(R)-phenylethyllpyrrolidine [F2]. 

[Inventive Example 9] 

30 

5-Amino-7-[3-(R)-(1-amino-1-(2.4-difluoro)phenvlmethyl)-1-pyrrolidinyl]-6.8-difluoro-1-r2-(S)-fluoro-1-(R)- 
cyclopropyl]-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid [Fl ] 

[0191] 3- (R) - [1-Tert-butoxycarbonylamlno-1- (2,4-difluoro)phenylme thyl]pyrrolidine [Fl] (0.58 mmol) was added 

35 to an acetonitrile suspension (10ml) of 5-amino-6,7,8-trifluoro-1-[2- (S) -fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-4-oxo- 
quinol^ne-3-carboxylic acid (1 83 mg, 0.58 mmol), and the mixture was heated under reflux for 1 5 hours in the presence 
of triethylamine (0.5 ml) . After spontaneous cooling, the solvent of the reaction solution was evaporated under a reduced 
pressure. The resulting residue was dissolved in chloroform (50 ml), this was washed with 10% citric acid (30 ml) and 
saturated brine (20 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced 

40 pressure. The resulting residue was mixed with concentrated hydrochloric acid (5 ml) under ice-cooling, further mixed 
with 1 mo I/I hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chloroform (50m 1x3), 
and the Insoluble matter was removed by filtration. This hydrochloric acid solution was adjusted to an alkaline liquid 
property by adding 1 0 mol/l sodium hydroxide aqueous solution under ice-cooling and then stirred at room temperature 
for 1 hour. This suspension was adjusted to a liquid property of pH 7.4 by adding concentrated hydrochloric acid and 

45 1 mol/l hydrochloric acid and then extracted with chloroform (80 ml x 3). The resulting organic layer was dried over 
anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure to obtain the crude title compound 
as light yellow crystals. This was purified by recrystallizing from ethanol to obtain 125 mg (42%) of the title compound. 
IH-NMR (400 MHz, CDCI3) 5: 1 .40 - 1 .51 (2 H, m), 1 .84 - 1 .89 (1 H, m), 2.28 - 2.29 (1 H, m), 2.57 - 2.59 (1 H, m), 3.36 
- 3.90 (5 H, m), 4.13 (1 H, d, J = 9.28 Hz), 4.79 (1 H, brd, J = 62.50 Hz), 6.38 (1 H, s). 6.79 - 6.91 (2 H, m), 7.37 - 7.41 

so (1 H, m), 8.51 (1 H, s). 

Melting point: 182- 183°C 

Elemental analysis: for C24H2iF5N4O3-0.25H2O 

55 Calcd.: C, 56.20; H, 4.22; N, 10.92. 

Found : C, 56.30; H, 4.39; N, 10.77. 
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[Inventive Example 10] 

5-Amino-7- [3- (RV(1-anriino-1-(2,4'difluorQ)phenylmethyl)-1-pyrrolidinylh6,8'difluoro-1-[2- (S)-fluoro-l-(R) 
-cyclopropyll-1 ,4-dihydro-4-oxoquinoline'3-carboxync acid [F21 

5 

[0192] 3- (R)-[1 -Tert-butoxycarbonylannjno-1 -(2,4-difluoro)phenylnne thyl]pyrrolidine [F2] (0.50 nnnnol) was added to 
an acetonitrile suspension (7 ml) of 5-amino-67,B-trifluoro-1-[2- (S) -fluoro-1- (R)-cyclopropyl]-1 ,4-dlhyd^o-4-oxoqui- 
noline-3-ca^boxyIic acid (158 mg, 0.50 mmol), and the mixture was heated under reflux for 15 hours In the presence 
of triethylamine (0.5 ml). After spontaneous cooling, the solvent of the reaction solution was evaporated under a reduced 

10 pressure. The resulting residue was dissolved in chloroform (50 ml), this was washed with 1 0% citric acid (30 ml) and 
saturated brine (20 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced 
pressure. The resulting residue was mixed with concentrated hydrochloric acid (5 ml) under ice-cooling, further mixed 
with 1 mol/l hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chlorofonn (50mlx3), 
and the insoluble matter was removed by filtration. This hydrochloric acid solution was adjusted to an alkaline liquid 

IS property by adding 1 0 mol/l sodium hydroxide aqueous solution under ice-cooling and then stirred at room temperature 
for 1 hour. This suspension was adjusted to a liquid property of pH 7.4 by adding concentrated hydrochloric acid and 
1 mol/l hydrochloric acid and then extracted with chloroform (80 ml x 3). The resulting organic layer was dried over 
anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure to obtain the crude title compound 
as light yellow crystals. This was purified by recrystallizing from ethanol to obtain 165 mg (65%) of the title compound. 

20 1 H-NMR (400 MHz, CDCI3) 5: 1 .53 - 1 .60 (3 H, m). 1 .69 • 1 .71 (1 H, m). 2.52 - 2.58 (1 H, m), 3.66 - 3.91 (5 H, m), 4.08 
(1 H, d, J = 9.76 Hz). 4.83 (1 H, brd, J = 62.75 Hz), 6.42 (1 H, s). 6.80 - 6.93 (2 H, m), 7.34 - 7.40 (1 H, m). 8.54 (1 H, s). 

Melting point: 218 - 220°C (decomp.) 
Elemental analysis: for C24H21F5N4O3 

25 

Calcd.: C, 56.69; H, 4.16; N, 11.02. 
Found : C, 56.20; H, 4.22; N, 10.92. 

[Reference Example 1 8] 

30 

4-(R)-(2-Furvl)carbonyl-1 -[1 -(R)-phenylethyl]-2-pyn^olldone 

[0193] In an atmosphere of nitrogen, 0.5 mol/l of 2-furylma9nesium bromide (180 ml) prepared from furan was added 
dropwise to a tetrahydrofuran solution (160 ml) of N-methyl-N-methoxy-1-[1-(R)-phenylethyl]-5-oxopyrrolidine-3-car- 

55 boxamide (8.30 g, 30.0 mmol), and the mixture was stirred for 30 minutes. The reaction solution was mixed with 1 mol/ 
1 hydrochloric acid (200 ml) under ice-cooling and extracted with ethyl acetate (200 ml x 2), and then the organic layer 
was washed with saturated brine (1 00 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under 
a reduced pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with a n- 
hexane: ethyl acetate system of from (1 :1) to (1 :2), 3.94 g (46%) of the title compound was obtained as a light yellow 

40 oil. ""H-NMR (400 MHz, CDCI3) 6: 1 .55 (3 H, d, J = 6.84 Hz), 2.72 - 2.87 (2 H, m), 3.20 - 3.25 (1 H, m), 3.67 (1 H, dd, 
J = 6.83, 9.77 Hz), 3.80 - 3.89 (1 H, m). 5.53 (1 H, q, J = 6.84 Hz), 6.57 (1 H, dd, J = 1 .46, 3.42 Hz), 7.18 - 7.38 (6 H, 
m), 7.60 (1 H, d, J = 0.98 Hz). 

[Reference Example 1 9] 

45 

4-(R)-[1 -Amino-1 -(2-furyl)methyl]-1 -[1 -(R)-phenylethyl]-2-pyrrolidone [F1 ], [F21 

[0194] Under ice-cooling, sodium borohydride (522 mg, 13.8 mmol) was added to a methanol (80 ml) solution of 4- 
(R) - (2-furyl) carbonyl-1- [1- (R) -phenylethyl] -2-pyrrolidone (3.90 g, 13.8 mmol), and the mixture was stirred at the 

50 same temperature for 30 minutes. The reaction solution was mixed with saturated ammonium chloride aqueous solution 
(50 ml), stirred at room temperature for 30 minutes and then extracted with chloroform (1 00 ml x 3). The organic layer 
was washed with saturated brine (1 00 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under 
a reduced pressure and the resulting residue was applied to a silica gel coiumn chromatography. By eluting with 
toluene :ethyl acetate (1 :2), 3.64 g (12.7 mmol) of a synthesis intermediate 4-(R)-[1-(2-furyl)-1-hydroxymethyl]-1- [1- 

55 (R) -phenylethyl] -2-pyrrolidone was obtained as a coloriess oil (1 :1 mixture of isomers). This was made into a dichlo- 
romethane (90 ml) solution, mixed with triethylamine (5.97 ml, 42.8 mmol) and methanesulfonyl chloride (2.83 ml, 36.7 
mmol) under ice-cooling and then stirred at room temperature for 24 hours. The reaction solution was washed with 
saturated ammonium chloride aqueous solution (100 ml) and saturated brine (100 ml), the organic layer was dried 
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over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. The resulting residue 
was dissolved in N,N-dimethylformamide (45 ml), mixed with sodium azide (4.97 g, 76.45 mmol) and then heated at 
50°C for 3 hours. After ice-cooling, the reaction solution was mixed with water (1 00 ml) and extracted with ethyl acetate 
(1 00 ml X 2), and the resulting organic layer was washed with water (80 ml x 3) and saturated bnne (1 00 ml) and dried 

5 over anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was 
applied to a silica gel column chromatography. By eluting with n-hexane:ethylacetate (2:1) to (1 4.02 g (12.7 mmol) 
of a synthesis intemriediate 4-(R)-[1-azido-1-{2-furyl)methyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone was obtained as a 
colorless oil (1 :1 mixture of isomers). This was made into an ethanol (1 00 ml) solution and mixed with 10% palladium- 
carbon catalyst (53.8% moisture, 4.80 mg), and then catalytic hydrogenation was carried out at room temperature for 

10 2 hours under ordinary pressure. The reaction solution was filtered and the solvent of the resulting filtrate was evap- 
orated under a reduced pressure. The resulting residue was applied to a silica gel column chromatography. By eluting 
with a chloroform:methanol system of from (98:2) to (95:5), 1 .42 g (39%) of the low polarity title compound [F2] and 
1 .75 g (49%) of the high polarity title compound [F1] were obtained in succession each as a colorless oil. 
[F1]; 

15 1H-NMR (400 MHz, CDCI3) 6: 1 .46 (3 H, d, J = 6.84 Hz), 2.47 - 2.65 (3 H, m). 2.93 - 2.91 (1 H, m), 3.13 (1 H, dd, J= 
5.86, 9.76 Hz), 3.87 (1 H, d, J = 6.84 Hz). 5.46 (1 H, q, J = 6.84 Hz), 6.14 (1 H. d, J = 2.93 Hz), 6.29 - 6.31 (1 H. m), 
7.26 - 7.34 (6 H, m). 
[F2]; 

^H-NMR (400 MHz, CDCI3) 6: 1.50 (3 H, d, J = 7.32 Hz), 2.28 (1 H, dd, J = 7.81 , 17.09 Hz), 2.41 (1 H, dd, J = 8.79, 
20 17.09 Hz), 2.54 -2.59(1 H.m), 3.17(1 H,dd, J=8.30, 10.01 Hz), 3.32 (1 H, dd, J= 6.35, 10.01 Hz), 3.79 (1 H, d, J= 
8.30 Hz), 5.48 (1 H. q, J=7.32 Hz), 6.13 (1 H, d. J = 2.93 Hz), 6.30 (1 H. dd, J = 1.96, 2.93 Hz), 7.26 - 7.36 (6 H, m). 

[Reference Example 20] 

25 4- (R) - [1-Tert-butoxycarbonylamino-1-(2-furyl)methvl-1-[1-(R)-phenylethyl]-2-pyrrolidone [Fl], [F2 1 

[0195] A dichloromethane (40 mi) solution of 4-(R)-[1-amino-1-(2-furyl)methyl]-1-[1-(R)-phenylethyl]-2-pyn'olidone 
[F1 ] (2.00 g, 7.03 mmol) was mixed with di-tert-butyl dicarbonate (1 .95 ml, 8.44 mmol) and triethylamine (1 .38 ml, 9.84 
mmol) and stirred at room temperature for 8 hours. The reaction solution was concentrated under a reduced pressure, 
30 and the resulting residue was applied to a silica gel column chromatography. By eluting with n-hexane:ethyl acetate 
(1:1), 2,32 g (86%) of the title compound [F1] was obtained as colorless amorphous. 

[0196] The same reaction was also carried out regarding 4-(R)-[1 -amino-1- (2-furyl)methyl]-1- [1- (R) -phenylethyl] 
-2-pyn'oiidone [F2] (78%). 

[FU; 

35 1H-NMR (400 MHz, CDCI3) 5: 1 .44 (9 H, s), 1 .47 (3 H, d. J = 7.32 Hz), 2.43 (1 H, dd, J = 7.08, 17.33 Hz), 2.56 (1 H. 
dd, J = 9.04, 17.33 Hz), 2.44 - 2.77 (1 H, m), 2.97 - 2.99 (1 H, m), 3.12 - 3.14 (1 H, m), 4.82 - 4.92 (2 H, m), 5.47 (1 H. 
q, J = 7.32 Hz), 6.18 (1 H, d, J = 3.41 Hz), 6.29 - 6.31 (1 H, m), 7.26 - 7.33 (6 H, m). 

[F2]; 

1H-NMR (400 MHz, CDCI3) 6: 1.43 (9 H, s), 1.49 (3 H, d, J = 6.84 Hz), 2.27 (1 H, dd, J = 7.32, 17.09 Hz), 2.41 (1 H, 
40 dd, J = 8.79, 17.09 Hz), 2.67 - 2.69 (1 H, m), 3.05-3.06 (1 H, m), 3.23 (1 H, dd, J = 5.86, 10.25 Hz), 4.75-4.84(2 H, 
m). 5.47 (1 H, q. J = 6.84 Hz). 6.21 (1 H, s), 6.31 (1 H. dd, J= 1 .95, 2.93 Hz), 7.26 - 7.36 (6 H, m). 

[Reference Example 21] 

45 3-(R)-[l-Tert-butoxycaitonylamino-1-(2-furyl)methyl]-1-[1-(R)-phenylethyl]-2-pyrrolidine [Fl], [F2] 

[0197] In an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (14.8 ml) was added dropwise to a tet- 
rahydrofuran solution (40 ml) of 4- (R) - [1-tert-butoxycarbonylamino-1-(2-furyl) methyl] -1- [1- (R)-phenylethyl]-2-pyr- 
rolldone [Fl ] (2.03g, 5.28 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 1 7 hours. 

50 After evaporation of the solvent under a reduced pressure, the resulting residue was dissolved in 80% hydrous ethanol 
(40 ml) and heated under reflux for 1 hour in the presence of triethylamine (1 ml). After spontaneous cooling of the 
reaction solution, the solvent was evaporated under a reduced pressure, chloroform (1 00 ml) was added to the resulting 
residue, and then the resulting organic layer was washed with saturated ammonium chloride aqueous solution (80 ml) 
and saturated brine (80 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced 

55 pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with chloroform to 
chloroform:methanol (97:3), 1 .54 g (79%) of the title compound was obtained as white crystals. 
[0198] The same reaction was also carried out regarding 4- (R) - [1-tert-butoxycarbonylamino-1- (2-furyl)methyl]- 
1-[1-(R) -phenylethyl] -2-pyrrolidone [F2] (63%). 
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[F1]; 

^H-NMR (400 MHz, CDCI3) 6: 1.35 (3 H, d, J = 6.84 Hz), 1.47(9 H, s), 1.67- 1.73(1 H, m), 1.83- 1.85(1 H, m),2.25 

- 2.31 (3 H, m), 2.45 - 2.47 (1 H, m), 2.60 - 2.62 (1 H, m), 2.76 - 2.78 (1 H, m), 3.13 - 3.15 (1 H, m), 4.60 - 4.62 (1 H, 
m), 5.64 ♦ 6.66 (1 H, m), 6.1 3 (1 H, s). 6.27 (1 H. dd, J = 1 .965. 2.93 Hz), 7.22 - 7.31 (6 H. m). 

5 [F2]; 

"•H-NMR (400 MHz, CDCI3) 5: 1 .38 (3 H, d, J = 6.34 Hz), 1 .46 (9 H, s), 1 .63 - 1 .65 (1 H. m), 1.90-1 .99 (1 H, m), 2.30 

- 2.59 (4 H, m) , 2.85 -2.87 (1 H, m), 3.16 - 3.18 (1 H, m), 4.60 - 4.62 (1 H, m), 6.01 (1 H, s), 6.22 (1 H, dd, J = 1.95, 
2.93 Hz), 7.23 - 7.32 (6 H. m). 

10 [Reference Example 22] 

3-(R)-[1 -Tert-butoxycart)onylamino-1 -(2-furyl)methyl]-1 -benzyloxycarbonylpyrrolidine [F1], [F2] 

[0199] In an atmosphere of nitrogen, benzyl chlorofonnate (761 p.l, 5.31 mmol) was added dropwise to a dichlo- 
^5 roethane solution (15 ml) of 3-(R)-[1 -tert-butoxycarbonylamino-1-(2-furyl)methyl]-1-[1 -(R)-phenyIethyl]-2-pyrrolidlne 
[F1 ] (658 mg, 1 .77 mmol) under ice-cooling and then the mixture was heated under refulx for 30 hours. After evaporation 
of the solvent under a reduced pressure, the residue was applied to a silica gel column chronnatography. By etuting 
with chloroform to chlorofonn:methanol (97:3), 526 mg (74%) of the title compound was obtained as white crystals. 
[0200] The same reaction was also carried out regarding 3-(R)-[1-tert-butoxycarbonylannino-1-(2-furyl)methyl]- 
20 1 -[1 -(R)-phenylethyl]pyrrolidine [F2] (quantitative). 
[F1]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .43 (9 H, s), 1 .76 -1 .87 (1 H, m), 2.03 - 2.05 (1 H. m), 2.55 - 2.65 (1 H, m), 3.05 - 3.13 
(1 H. m), 3.32 - 3.59 (2 H, m), 4.70 - 4.72 (1 H. m), 4.92 - 4.94 (1 H, m), 5.11 (2 H, s), 6.18 (1 H, s), 6.31 (1 H, s), 7.26 

- 7.38 (6 H. m). 
2^ [F2]; 

iH-NMR (400 MHz, CDCI3) 5: 1 .43 (9 H, s), 1 .58 - 1 .61 (1 H, m), 1 .84 - 1 .86 (1 H, m), 2.26 - 2.29 (1 H, m), 3.24 - 3.34 
(2 H, m), 3.52 - 3.64 (2 H, m), 4.76 - 4.78 (1 H. m). 4.89 - 4.91 (1 H, m), 5.13 (2 H, s), 6.19 (1 H. s), 6.30 (1 H, s), 7.26 

- 7.36 (6 H, m). 

30 [Reference Example 23] 

3-(R)-[1 -Tert-butoxycarbonylamino-1 -(2-f uryQmethyllpyrrolidine [F1 ], [F2] 

[0201 ] An ethanol (1 0 ml) solution of 3-(R)-[1 -tert-butoxycarbonylamlno-1 -(2-furyl) methyl] -1 -benzyloxycarbonylpyr- 
35 rolidine [F1] (507 mg, 1 .37 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 500mg), and cat- 
alytic hydrogenation was carried out at room temperature for 4 hours under ordinary pressure. The reaction solution 
was filtered and the solvent of the filtrate was evaporated under a reduced pressure to obtain 356 mg of the crude title 
compound as colorless crystals. This was used in the subsequent reaction without purification. 
[0202] The same reaction was also carried out regarding 3-(R)-[1 -tert-butoxycarbonylamino-1 -(2-furyl)methyl]- 
40 1 -benzyloxycarbonylpyrrolidine [F2]. 

[Inventive Example 11] 

5-Amlno-7-{3-(R)-[1 -amino-1 -(2-furyl)methyl]-1 -pyrrolidinyl]-6,8-difluoro-1 -[2-(S)-fluoro-1 -(R)-cyclopropyl]- 
45 1 ,4-dlhydro-4-oxoquinoline-3-carboxyllc acid [F1 ] 

[0203] 3-(R)-[1 -Tert-butoxycarbonylamino-1 -(2-furyl)methyl]pyn'olidine [F1] (1 .30 mmol) was added to an acetonitrile 
suspension (1 0ml) of 5-amino-6,7,8-trlfluoro-1-[2-(S)-fluoro-1 -(R)-cyclopropyl]-1 ,4-dihydro-4-oxoquinollne-3-carboxy- 
lic acid (316 mg, 1.00 mmol), and the mixture was heated under reflux for 19 hours in the presence of triethylamtne 

50 (0.5 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. The resulting 
residue was dissolved in chloroform (150ml), this was washed with 10% citric acid (80 ml) and saturated brine (80 ml) 
and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. The resulting 
residue was mixed with concentrated hydrochloric acid (1 0ml) under ice-cooling, further mixed with 1 mol/l hydrochloric 
acid aqueous solution (5 ml) at room temperature and then washed with chloroform (50mlx4), and the insoluble matter 

55 was removed by filtration. This hydrochloric acid aqueous solution was adjusted to an alkaline liquid property by adding 
10 mol/l sodium hydroxide aqueous solution under ice-cooling and then stirred at room temperature for 1 hour. This 
suspension was adjusted to a liquid property of pH 7.4 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric 
acid and then extracted with chlorofomn (150 ml x 3). The resulting organic layer was dried over anhydrous sodium 
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sulfate and the solvent was evaporated under a reduced pressure to obtain the crude title compound as light yellow 

crystals. This was purified by recrystallizing from ethanol to obtain 294 mg (64%) of the title compound. 
1H-NMR (400 MHz. 0.1 mol/1 NaOD) S: 1 .34 - 1 .56 (3 H, m), 2.35 - 2.39 (1 H, m), 2.06 - 2.08 (1 H, m), 3.18 - 3.20 (2 
H, m), 3.40 - 3.42 (1 H, m), 3.48 - 3.50 (1 H, m), 3.58 - 3.60 (1 m), 3.69 (1 H, d, J = 9.28 Hz). 4.76 (1 H, br. d, J = 
5 62.50 Hz), 6.18 (1 H, d, J = 3.42 Hz), 6.34 (1 H, s), 7.37 (1 H, s), 8.07 (1 H, s). 

Melting point: 186- 189°C 
Elemental analysis: for C22H21F3N4O4 
Calcd.: C, 57.14; H, 4.58; N, 12.12. 
10 Found : 57.14; H, 4.78; N, 12.07. 

[Inventive Example 12] 

5-Amino-7-{3-(RH1-amino-1-(2-furyl)methyl]-1-pyrrolidinyl}-6.8-difluoro-1- [2- (S) -fluoro-l-(R) -cyclop ropy 1]- 
15 1 ,4-dihydro-4-oxoquinoline-3-carboxyllc acid [F2] 

[0204] 3-(R)-[1-Tert-butoxycarbonylamino-1-(2-furyl)methyl]pyn'ol idine [F2] (0.749 mmol) was added to an ace- 
tonitrile suspension (10 ml) of 5-amino-67,8-trifluoro-1-[2(S)-fluoro-1- (R) -cyclopropyl]-1 ,4-d^hydro-4-oxoquinoline- 
3-carboxylic acid (215 mg, 0.681 mmol), and the mixture was heated under reflux for 19 hours in the presence of 

20 triethylamine (0.5 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. 
The resulting residue was dissolved in chloroform (150 ml), this was washed with 1 0% citric acid (80 ml) and saturated 
brine (80 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. 
The resulting residue was mixed with concentrated hydrochloric acid (10 ml) under ice-cooling, further mixed with 1 
mol/l hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chloroform (50 mi x 4), and 

25 the insoluble matter was removed by filtration. This hydrochloric acid aqueous solution was adjusted to an alkaline 
liquid property by adding 1 0 mol/l sodium hydroxide aqueous solution under ice-cooling and then stirred at room tem- 
perature for 1 hour. This suspension was adjusted to a liquid property of pH 7.4 by adding concentrated hydrochloric 
acid and 1 mol/l hydrochloric acid and then extracted with chloroform (150 ml x 3). The resulting organic layer was 
dried over anhydrous sodium sulfate and the solvent was evaporated under a reduced pressure to obtain the crude 

30 title compound as light yellow crystals. This was purified by recrystallizing from ethanol to obtain 1 20 mg (38%) of the 
title compound. 

1H-NMR (400 MHz, 0.1 mol/1 NaOD) 5: 1 .24 - 1 .43 (3 H. m), 1.57-1.59(1 H, m), 2.27 - 2.29 (1 H, m), 3.27 - 3.29 (1 
H, m), 3.35 - 3.37 (1 H, m), 3.51 - 3.56 (3 H, m), 3.63 (1 H, d, J = 8.79 Hz), 4.79 (1 H, br. d, J = 62.99 Hz), 6.13 (1 H, 
d. J = 2.93 Hz), 6.31 (1 H, s), 7.34 (1 H, s), 8.09 (1 H, s). 

35 

Melting point: 187- 188*'C 

Elemental analysis: for C22H2iF3N4O4-0.5H2O 

Calcd.: 56.05; H, 4.70; 11 .88. 
Found : C, 56.06; H, 4.89; N, 11 .62. 

40 

[Reference Example 24] 

4- (R) - (Thiazol-2-yl) carbonyl-1-[1-(R)-phenylethyl]-2-pyrrolidone 

45 [0205] In an atmosphere of nitrogen and at -78°C, n-butyl lithium (20.4 ml, 30.0 mmol, 1 .47 M hexane solution) was 
added dropwise to a tetrahydrofuran solution (200 ml) of 2-bromothiazole (4.92 g, 30.0 mmol) spending 10 minutes, 
and the mixture was stirred at the same temperature for 1 hour. To this was added dropwise a tetrahydrofuran solution 
(50 ml) of N-methyl-N-methoxy-1-[1- (R) -phenylethyl] -5-oxopyrrolidine-3-carboxamide (6.91 g, 25.0 mmol) spending 
10 minutes, and the mixture was stirred at -78''C for 30 minutes and then under ice-cooling for 1 hour. The reaction 

50 solution was mixed with 1 mol/l hydrochloric acid (150 ml) under ice-cooling and extracted with ethyl acetate (100 ml 
X 2), and the resulting organic layer was washed with saturated brine (300 ml) and dried over anhydrous sodium sulfate. 
The solvent was evaporated under a reduced pressure and the residue was applied to a silica gel column chromatog- 
raphy. By eluting with n-hexane:ethyl acetate (1 : 1 ), 2.70 g (36%) of the title compound was obtained as a light yellow oil. 
iH-NMR (400 MHz, CDCI3) 6: 1 .55 (3 H, d, J = 7.32 Hz), 2.04 - 2.92 (2 H, m), 3.33 - 3.38 (1 H. m), 3.63 - 3.68 (1 H, 

55 m), 4.26 - 4.35 (1 H, m), 5.53 (1 H, q, J= 7.32 Hz). 7.27 - 7.38 (6 H, m), 7.73 (1 H, d, J = 2.93 Hz), 8.00 (1 H, d, J = 2.93 Hz). 
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[Reference Example 25] 

4-(R)-F1 -Hydroxy-1 -(thiazol-2-yl)methvl]-1 -[1 -(R)-phenylethyl]-2-pyrrolidone [F1 ], [F2] 

5 [0206] Under ice-cooling, sodium borohydride (409 mg) was added to an ethanol (50 ml) solution of 4- (R) - (thiazoi- 
2-yl) carbonyl-1 -[1 -(R)-phenylethyl]-2-pyrrolidone (3.24 g, 1 0.80 mmol), and the mixture was stirred at the same tem- 
perature for 30 minutes. The reaction solution was mixed with 10% citric acid (50 ml) under Ice-cooting, ethanol was 
evaporated under a reduced pressure and then the resulting residue was extracted with chloroform (80 ml x 2). The 
organic layer was washed with saturated brine (100 ml) and dried over anhydrous sodium sulfate. The solvent was 

10 evaporated under a reduced pressure and the resulting residue was applied to a silica gel column chromatography. 
By eluting with ethyl acetate, 1 .28 g (39%) of the low polarity title compound [F1 ] and 1 .38 g (42%) of the high polarity 
title compound [F2] were obtained In succession, respectively as light yellow crystals and a light yellow oil. 
[F11: 

^H-NMR (400 MHz, CDCI3) 5: 1 .47 (3 H, d, J = 7.32 Hz), 2.46 (1 H, dd, J = 9.77, 7.09 Hz), 2.61 (1 H, dd, J = 7.32, 7.09 
15 Hz), 2.73 - 2.83 (1 H, m) , 3.06 (1 H, dd, J = 10.26, 8.30 Hz), 3.40 (1 H, dd, J= 10.26, 6.34 Hz), 3.55 (1 H. d, J = 5.37 
Hz), 4.98 (1 H, t, J = 5.37 Hz), 5.46 (1 H, q, J = 7.32 Hz), 7.26 - 7.35 (6 H, m), 7.73 (1 H. d, J = 2.93 Hz). 
[F2]; 

IH-NMR (400 MHz, CDCI3) 5: 1 .48 (3 H, d, J = 6.84 Hz), 2.49 (2 H, d, J = 8.30 Hz), 2.79 - 2.88 (1 H, m), 2.96 - 3.01 
(1 H, m), 3.38 (1 H, dd, J = 9.77, 5.86 Hz), 4.97 (1 H, dd, J = 5.37. 4.96 Hz), 5.27 (1 H, brs), 5.43 (1 H, q, J = 6.84 Hz), 
20 7.23 - 7.32 (6 H, m), 7.66 (1 H, d. J = 3.42 Hz). 

[Reference Example 26] 

4-(R)-[1 -Azido-1 -(thiazol-2-yl)methyi]-1 -[1 -(R)-phenylethyl]-2-pyrrolidone [F1 ], [F2] 

25 

[0207] Under ice-cooling, triethylamine (725 nl) and methanesulfonyl chloride (341 ^1, 4.40 mmol) were added to a 
dichloromethane (20 ml) solution of 4-(R)-[1-hydroxy-1-(thiazol-2-yl)methyl]-1-[1-(R)-phenylethyl] -2-pyrrolidone [F11 
(1 .21 g, 4.00 mmol), and the mixture was stirred at the same temperature for 1 hour. The reaction solution was mixed 
with 10% citric acid (30 ml) under ice-cooling and extracted with chloroform (30 ml x 2), and the organic layer was 

30 washed with saturated brine (100 ml) and then dried over anhydrous sodium sulfate. The solvent was evaporated 
under a reduced pressure, and the resulting residue was dissolved in N,N-dimethylfonTiamide (30 ml), mixed with 
sodium azide (780 mg, 12.0 mmol) and then heated at 60**C for 15 hours. After spontaneous cooling, the reaction 
solution was mixed with water (70 ml) and extracted with ethyl acetate (80 ml x 3), and the organic layer was washed 
with saturated brine (200 ml) and then dried over anhydrous sodium sulfate. The solvent was evaporated under a 

35 reduced pressure, and the resulting residue was applied to a silica gel column chromatography. By eluting with a n- 
hexanerethyl acetate system of from (1 :2) to (1 :3), 1 .263 g (96%) of the title compound was obtained as a light yellow oil. 
[0208] The same reaction was also carried out regarding 4-(R)-[1-hydroxy-1-(thiazol-2-yl) methyl] -1- [1-(R) -phe- 
nylethyl] -2-pyrrolidone [F2] (85%). 
[FU: 

40 iH-NMR (400 MHz, CDCI3) 5: 1 .52 (3 H, d, J = 7.32 Hz), 2.37 (1 H. dd, J = 7.32, 7.09 Hz), 2.52 (1 H, dd, J = 8.79, 7.09 
Hz), 2.84 - 2.96 (1 H. m), 3.13 (1 H, dd. J = 10.25, 8.30 Hz), 3.36 (1 H, dd, J = 10.25, 6.35 Hz), 4.81 (1 H, d, J= 7.81 
Hz), 5.48 (1 H, q, J = 7.32 Hz), 7.26 - 7.37 (5 H, m), 7.39 (1 H, d, J = 3.42 Hz), 7.81 (1 H, d, J = 3.42 Hz). 
[F2]; 

IH-NMR (400 MHz, CDCI3) 6: 1 .48 (3 H, d, J = 7.32 Hz), 2.60 (2 H, d. J = 7.81 Hz), 2.82 - 2.91 (1 H. m), 3.05 (1 H, dd, 
45 J = 10.25, 8.30 Hz), 3.22(1 H, dd, J= 10.25, 5.86 Hz), 4.81 (1 H, d, J = 7.81 Hz), 5.48(1 H, q, J = 7.32 Hz), 7.25 - 7.34 
(5 H. m), 7.38 (1 H, d, J = 3.41 Hz), 7.80 (1 H, d, J = 3.41 Hz). 

[Reference Example 27] 

50 4-(R)-[1 -Tert-butoxycarbonylamino-1 -(thiazol-2-yl)methyl]-1 -[1 -(R)-phenylethvl]-2-pynrolidone [F1 ]. [F2] 

[0209] An ethanol (50 ml) solution of 4-(R)-[1 -azido-1 -(thiazol-2-yl)methyl]-1 -[1 -(R)-phenylethyl]-2-pyrrolidone [F1 ] 
(1 .18 g, 3.60 nmol) was mixed with 1 0% palladium-carbon catalyst (53.8% moisture, 1 .20 g), and catalytic hydrogen- 
ation was carried out at room temperature for 3 hours under ordinary pressure. The reaction solution was filtered, and 
55 the solvent was evaporated under a reduced pressure. The residue was dissolved In dichloromethane (30 ml), mixed 
with di-tert-butyl dicarbonate (1.179 g) and triethylamine (1 ml) and then stirred at room temperature for 14 hours. 
Chlorofomi (50 ml) was added to the reaction solution, this was washed with 1 0% citric acid (80 ml) and water (80 ml), 
and the resulting organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced 
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pressure and the resulting residue was applied to a silica gel column chromatography. By eluting with n-hexane: ethyl 
acetate (1 :3), 1 .205g (83%) of the title compound was obtained as colorless amorphous. 

[0210] The same reaction was also carried out regarding 4-(R)-[1 -azido-l -(thiazol-2-yl)methyl]-1 -[1 -{R)-phenylethyl]- 

2- pyrrolidone [F2] (75%). 
5 [F1]; 

IH-NMR {400 MHz, CDCI3) 5: 1 .44 (9 H, s), 1 .51 (3 H, d. J = 6.84 Hz), 2.38 (1 H. dd, J = 1 7.09, 7.82 Hz), 2.49 (1 H. 
dd, J = 17.09, 9.28 Hz), 2.83 - 2.95 (1 H, m), 3.08 (1 H, dd, J = 9.77, 8.30 Hz), 3.28 (1 H, dd, J = 9.77, 6.84 Hz), 5.01 

- 5.09 (1 H, m), 5.19 - 5.26 (1 H, m), 5.48 (1 H, q, J = 6.84 Hz), 7.26 - 7.35 (6 H, m), 7.73 (1 H, d, J = 2.93 Hz). 
[F2]; 

10 IH-NMR (400 MHz, CDCI3) 5: 1.44 (3 H, d, J = 7.33 Hz), 1.45 (9 H, s). 2.42 (1 H, dd, J = 17.09, 6.84 Hz), 2.56 (1 H, 
dd, J = 17.09, 9.28 Hz), 2.90 - 3.00 (1 H, m), 3.09 (1 H, dd, J = 9.76, 8.79 Hz), 3.28 (1 H, dd, J = 9.76, 5.85 Hz), 5.07 

- 5.13 (1 H. m), 5.38 - 5.46 (1 H. m), 5.45 (1 H, q, J = 7.33 Hz), 7.25 - 7.34 (6 H, m), 7.71 (1 H, d, J = 2.92 Hz). 

[Reference Example 28] 

15 

3- (R)-ri -Tert-butoxycarbonylamino-1 -(thiazol-2-vl)methyn-1 -[1 -(R)-phenvlethyllpyrrolldine [F1 ]. rF2] 

[0211] In an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (8.1 ml) was added dropwise to tetrahy- 
drofuran solution (20 ml) of 4-(R)-[1 -tert-butoxycarbonylamino-1 -(thlazol-2-yl)phenylmethyl]-1- [1- (R) -phenylethyl] 

20 -2-pyrrolidone [F1] (1 .084 g, 2.70 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 
14 hours. After evaporation of the solvent under a reduced pressure, the resulting residue was mixed with 80% hydrous 
ethanol (20 ml) and triethylamine (4 ml) and heated under reflux for 4 hours. After spontaneous cooling, the solvent 
was evaporated under a reduced pressure, chlorofomn (30 ml) was added to the resulting residue, and then this was 
washed with water (10 ml) and saturated brine (10 ml) and dried over anhydrous sodium sulfate. The solvent was 

25 evaporated under a reduced pressure and the resulting residue was applied to a silica gel column chromatography. 
By eluting with chloroform :methanol (20:1), 984 mg (94%) of the title compound was obtained as a coloriess oil. 
[0212] The same reaction was also carried out regarding 4- (R) - [1-tert-butoxycart3onylamino-1-(thiazol-2-yl)phe- 
nylmethyl] -1- [1-(R) - phenylethyl)-2-pyrrolidone [F2] (85%). 
[F11; 

30 1H-NMR(400MHZ,CDCI3)5:1.40(3H, d,J = 6.35Hz), 1.51 (9H,s), 1.58-1.71 (2 H. m), 1.76- 1.89(1 H, m), 2.02 

- 2.30 (2 H, m), 2.40 - 2.50 (1 H. m), 2.74 - 2.85 (1 H, m), 3.08 - 3.23 (2 H. m), 4.82 - 4.90 (1 H, m), 7.09 (1 H, d, J = 
3.42 Hz), 7.20 - 7.32 (5 H, m), 7.63 (1 H, d, J = 3.42 Hz). 

[F2]; 

^H-NMR (400 MHz, CDCI3) 5: 1.38 (3 H, d, J = 6.35 Hz), 1.52 (9 H, s), 1.68 - 1.82 (2 H, m) , 2.11 -2.23 (1 H, m), 2.23 
35 - 2.34 (1 H, m), 2.45 - 2.55 (1 H, m), 2.79 - 2.92 (1 H, m), 3.03 - 3.21 (2 H, m), 4.83 - 4.91 (1 H, m), 6.64 - 6.73 (1 H, 
m), 7.20 (1 H, d, J = 3.41 Hz), 7.22 - 7.32 (5 H, m), 7.70 (1 H, d, J = 3.41 Hz). 

[Reference Example 29] 

40 3- (R) -f1-Tert-butoxycarbonylamlno-1-(thiazol-2-yl)methyl]-1-benzyloxycarbonylpyrrolidine [F1], [F2] 

[0213] In an atmosphere of nitrogen, benzyl chlorofonnate (628 4.40 mmol) was added dropwise to a dlchlo- 
roethane solution (15 ml) of 3-(R)-[1 -tert-butoxycarbonylamino-1 -(thiazol-2-yl)methyl]-1-[1- (R) -phenylethyl] -2-pymo- 
lidine [F1] (852 mg, 2.20 mmol) under ice-cooling and then the mixture was heated under refulx for 16 hours. After 

45 spontaneous cooling, the reaction solution was mixed with chlorofomn (50ml) and washed with saturated sodium bi- 
carbonate aqueous solution (5 ml), and then the organic layer was dried over anhydrous sodium sulfate. The solvent 
was evaporated under a reduced pressure, and the resulting residue was applied to a silica gel column chromatography. 
By eluting with n-hexane:ethyl acetate (1:1), 646 mg (70%) of the title compound was obtained as a colorless oil. 
[0214] The same reaction was also carried out regarding 3- (R) - [1 -tert-butoxycariaonylamino-l -(thiazol-2-yl)methyl]- 

50 1 .[1 -(R) - phenylethyllpyn-olidine [F21 (83%). 
[F1]; 

""H-NMR (400 MHz, CDCI3) 6: 1.43(9 H, s), 1.65-1.84(1 H, m), 1.84-2.00 (1 H, m). 2.75-2.91 (1 H, m). 3.22 -3.39 
(2 H, m). 3.47 - 3.68 (2 H, m), 4.98 - 5.12 (1 H, m), 5.12 (2 H. s), 5.53 - 5.62 (1 H, m), 7.24 - 7.35 (6 H, m), 7.71 (1 H, 
d. J = 3.42 Hz). 
55 [F2]; 

1H-NMR(400MHZ, CDCI3) 6: 1.43 (9 H,s), 1.74-1.91 (1 H, m). 1.95-2.09(1 H, m), 2.76 - 2.89 (1 H, m). 3.14 - 3.22 
(1 H, m), 3.29 - 3.39 (1 H, m), 3.49 - 3.64 (2 H, m), 4.97 - 5.09 (1 H, m), 6.11 (2 H, s). 5.38 - 5.47 (1 H, m), 7.25 - 7.35 
(6 H, m), 7.71 (1 H, d, J = 3.42 Hz). 
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[Reference Example 30] 

3-(R)-[1-Amino-1-(thiazol-2-yl)methyl]-1 -pyrrolidine di-trifluoroacetate [F1], [F2] 

5 [0215] 3-(R)-[1Tert-butoxycarbonylaniino-1-(thia2ol-2-yl)methyl]-1-ben2yloxycarbonylpyrrolidine[F1] (480 mg, 1.15 
mmol) was mixed with trifluoroacetic acid (1 0 ml), and the mixture was stirred at room temperature for 1 hour and then 
heated under reflux for 17 hours. After spontaneous cooling, the solvent was evaporated under a reduced pressure 
and the resulting residue was mixed with toluene (10 ml). By again evaporating the solvent under a reduced pressure, 
473 mg (quantitative) of the crude title compound was obtained as a colorless oil. This was used in the subsequent 

10 reaction without purification. 

[0216] The same reaction was also carried out regarding 3- (R) - [1 -tert-butoxycarbonylamlno-1 -(thia2ol-2-yl)methyl] 
-1 -benzyloxycarbonylpyn-olidine [F2]. 

[Inventive Example 1 3] 

15 

5-Amino-7-[3- (R) - (l-amino-l -(thiazol-2-yl)methyl)-1-pyrrolidinyl]-6,8-difluorD-1-[2- (S) 'fluoro-l-(R) -cyclop ropy I ]- 
1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid [F1] 

[0217] 3- (R) - [1-Amino-1- (thia20l-2-yl) methyl] pyrrolidine di-trifluoroacetate [Fl] (473 mg, 1.15 mmol) was added 
•20 to an acetonitrile suspension (10 ml) of 5-amino-6, 7, 8-trifluoro-1- [2- (S) -fluoro-1- (R) - cyclopropyl]-1 ,4-dihydro- 
4-oxoquinoline-3-carboxylic acid (253 mg, 0.8 mmol), and the mixture was heated under reflux for 18 hours in the 
presence of triethylamine (3 ml). After spontaneous cooling, the solvent of the reaction solution was evaporated under 
a reduced pressure, and the resulting residue was mixed with concentrated hydrochloric acid (15 ml) and stinted at 
room temperature for 5 minutes. This hydrochloric acid solution was washed with chloroform (20 ml x 3) and then 
25 adjusted to an alkaline liquid property by adding 30% sodium hydroxide aqueous solution under Ice-cooling. This sus- 
pension was adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric 
acid and then extracted with chlorofomi (100mlx3). The organic layer was dried over anhydrous sodium sulfate and 
the solvent was evaporated under a reduced pressure. This was purified by recrystallizing twice from ethanol to obtain 
73 mg (1 9%) of the title compound as light yellow crystals. 
30 1H-NMR (400 MHz, 0.1 mol/l NaOD) 6; 1.46- 1.62 (2 H, m), 1.74- 1.86 (1 H, m), 1.89-2.00 (1 H, m). 2.71 -2.84(1 

H, m), 3,51 - 3.88 (5 H, m), 4.85 - 4.92 (0.5 H, m), 5.01 - 5.08 (0.5 H, m), 5.15 (1 H, d, J = 9.27 Hz), 7.50 (1 H, d, J = 
3.42 Hz), 7.72 (1 H, d, J=3.42 Hz), 8.19 (1 H, s). 

IVIelting point: 237.2 - 241 .6°C (decomp.) 
^ Elemental analysis: for C2iH2oF3N503S-1 .25H2O 

Calcd.: C, 50.25; H, 4.52; N, 13.95. 
Found : C, 50.10; H. 4.52; N, 14.09. 

40 [Inventive Example 14] 

5-Amino-7-[3-(R)-(1-amino-1-(thiazol-2-yl)methyl)-1-pyrrolidinyl]-6,8-difluoro-1-[2-(S)-fluoro-1 -(R)-cyclopropyl]- 

I , 4-dihydro-4-oxoquinoline-3-carboxyiic acid [F2] 

4^ [0218] 3-(R)-[1-Amino-1-(thiazol-2-yl)methyl]pyrrolidine di-trifluoroacetate [F2] (473 mg, 1.15 mmol) was added to 
an acetonitrile suspension (10 ml) of 5-amino-6, 7, 8-trifluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-4-oxoqui- 
noline-3-carboxylic acid (253 mg, 0.8 mmol), and the mixture was heated under reflux for 18 hours in the presence of 
triethylamine (3 ml). After spontaneous cooling, the solvent of the reaction solution was evaporated under a reduced 
pressure, and the resulting residue was mixed with concentrated hydrochloric acid (15 ml) and stirred at room temper- 

so ature for 5 minutes. This hydrochloric acid solution was washed with chloroform (20 ml x 3) and then adjusted to an 
alkaline liquid property by adding 30% sodium hydroxide aqueous solution under ice-cooling. This suspension was 
adjusted to a liquid property of pH 7.6 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then 
extracted with chlorofomi (100 ml x 3). The organic layer was dried over anhydrous sodium sulfate and the solvent 
was evaporated under a reduced pressure. This was purified by recrystallizing twice from ethanol to obtain 113 mg 

S5 (29%) of the title compound as light yellow crystals. 

1 H-NMR (400 MHz. 0.1 mol/1 NaOD) 5: 1 .46 - 1 .62 (2 H. m), 1 .74 - 1 .86 (1 H, m), 1 .90 - 2.00 (1 H, m). 2.73 - 2.85 (1 
H, m), 3.58 - 3.88 (5 H, m), 4.84 - 4.92 (0.5 H, m), 5.01 - 5.08 (0.5 H, m). 5.15 (1 H, d, J = 9.27 Hz), 7.50 (1 H, d, J = 
3.42 Hz), 7.72 (1 H. d, J = 3.42 Hz), 8.19 (1 H, s). 
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Melting point: 236.4 - 239.8°C (decomp.) 
Elemental analysis: for C2iH2oF3N503S-1.0H20 

Calcd.: C, 50.70; H, 4.46; N, 14.08. 
5 Found : C, 50.90; H, 4.42; N, 14.16. 

[Reference Example 31] 

1 -[1 -(R)-Phenylethyl]-4-(R)-[(2-pyridyl)carbonyl]-2-pyn^olidone 

10 

[0219] In an atmosphere of nitrogen and at -78°C, n-butyl lithium (1 .5 mol/l tetrahydrofuran solution; 13.2 ml, 19.9 
mmol) was added dropwise to a tetrahydrofuran solution (40 ml) of 2-bromopyridine (1 .94 mL 1 9.9 mmol), and then 
the mixture was stirred for 1 0 minutes. At '7&*C, to this was further added dropwise a tetrahydrofuran solution (20 ml) 
of N-methyl-N-methoxy-1-[1- (R) -phenylethyl] -5-oxopyrrolidlne-3-(R)-cart)oxamide (3.66 g, 13.2 mmol), and themix- 

15 ture was stirred for 30 minutes. The reaction solution was mixed with 1 mol/l hydrochloric acid (200 ml), warmed up to 
room temperature and then extracted with diethyl ether (200 ml x 2). The resulting organic layer was washed with 
saturated brine (100 ml) and dried over anhydrous magnesium sulfate. The solvent was evaporated under a reduced 
pressure and the residue was applied to a silica gel column chromatography (silica gel 100 g). By eluting with a n- 
hexane : ethyl acetate system of from (3:1 ) to (1 :1 ), 1 .97 g (52%) of the title compound was obtained as a light yellow oil. 

20 1H-NMR (400 MHz. CDCI3) 5: 1 .54 (3 H, d. J = 7.08 Hz), 2.80 - 2.83 (2 H, m), 3.35 (1 H, t, J = 9.37 Hz), 3.61 (1 H, dd, 
J = 6.35, 9.37 Hz), 4.49 - 4.54 (1 H. m), 5.54 (1 H, q. J = 7.08 Hz), 7.25 - 7.38 (5 H, m), 7.47 - 7.50 (1 H, m), 7.86 (1 
H, dt, J =1 . 71 , 7.81 Hz), 8.08 (1 H, d, J = 7.81 Hz), 8.64 - 8.65 (1 H, m). 

[Reference Example 32] 

25 

4- (R) - [1-Azido-1-(2-pyridyl)methyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone [Fl], [F2] 

[0220] Under ice-cooling, sodium borohydride (233 mg, 6.15 mmol) was added to a methanol (40 ml) solution of 
1-[1-(R) -phenylethyl]-4- (R) - [(2-pyridyl)carbonyll-2-pyrrolidone (1.81 g, 6.15 mmol), and the mixture was stirred at 

30 the same temperature for 30 minutes. The reaction solution was mixed with saturated ammonium chloride aqueous 
solution (50 ml), stirred at room temperature for 30 minutes and then extracted with chlorofomi (1 00 ml x 3). The organic 
layer was washed with saturated brine (50 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated 
under a reduced pressure to obtain 2.23 g (quantitative) of 4- (R) - [1 -hydroxy-1-(2-pyridyl)methyl]-1- [1 - (R) -phenyle- 
thyl]-2-pyrrolidone as a coloriess oil (1:1 mixture of isomers). This was made into a dichloromethane (40 ml) solution, 

35 mixed with triethylamine (1 .20 ml, 8.61 mmol) and methanesulfonyl chloride (0. 571 ml, 7.38 mmol) under ice-cooling 
and then stirred at room temperature for 30 minutes. The reaction solution was washed with saturated ammonium 
chloride aqueous solution (50 ml) and saturated brine (50 ml), the organic layer was dried over anhydrous sodium 
sulfate, and then the solvent was evaporated under a reduced pressure. The resulting residue was dissolved in N,N- 
dimethylformamide (15 ml), mixed with sodium azide (1 .00 g, 15.4 mmol) and then heated at 50**C for 15 hours. After 

40 ice-cooling, the reaction solution was mixed with water (50 ml) and extracted with ethyl acetate (50 ml x 2), and the 
resulting organic layer was washed with water (40 ml x 3) and saturated brine (40 mi) and dried over anhydrous sodium 
sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied to a silica gel 
column chromatography (silica gel: 100 g) . By eluting with a n-hexane:ethyl acetate system of from (1 :1) to (1 :3), 754 
mg (38%) of the low polarity title compound [F1] and 651 mg (33%) of the high polarity title compound [F2] were 

45 obtained in succession each as a coloriess oil. 
[F1]; 

1H-NMR (400 MHz, CDCI3) 5: 1.48 (3 H, d, J = 7.20 Hz), 2.52 - 2.55 (2 H, m), 2.86-2.95 (2 H, m), 3.13 (1 H, dd, J = 
5.62, 9.28 Hz), 4.50 (1 H, d, J = 7.32 Hz), 5.47 (1 H, q, J = 7.20 Hz), 7.23 - 7.34 (7 H, m), 7.75 (1 H, dt, J = 1 .71 , 7.69 
Hz), 8.58 - 8.60 (1 H, m). 
50 [F2]; 

1H-NMR (400 MHz, CDCI3) 6; 1.53 (3 H, d. J=7.21 Hz), 2.23 (1 H. dd, J = 7.81, 17.09 Hz), 2.34 (1 H, dd, J = 9.03, 
17.09 Hz). 2.86-2.96 (1 H, m) , 3.13 (1 H, dd, J= 8.06, 10.13 Hz), 3.36 (1 H, dd, J= 6.35, 10.13 Hz), 4.45 (1 H, d, J = 
8.55 Hz), 5.48 (1 H, q, J = 7.21 Hz), 7.26 - 7.36 (7 H, m), 7.76 (1 H, dt, J = 1 .71 , 7.69 Hz), 8.62 (1 H, d. J = 3.91 Hz). 

55 
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[Reference Example 33] 

4-(R)-[1 -Tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]-1 -[1 -(R)-phenylethyl] -2-pyrrolidone [F1 ], [F2] 

5 [0221] An ethanol (30 ml) solution of 4- (R)-[1-azido-1-(2-pyridyl)methyl]-1-[1-(R) -phenylethyl] -2-pyrrolldone [F1] 
(619 mg, 1.93 mmol) was mixed with 10% palladium-carbon catalyst (53.8% moisture, 620 mg), and catalytic hydro- 
genation was carried out at room temperature for 20 minutes under ordinary pressure. The reaction solution was 
filtered, and the solvent of the filtrate was evaporated under a reduced pressure. A dichloromethane (20 ml) solution 
of the resulting residue was mixed with di-tert-butyl dicarbonate (463 mg, 2.12 mmol) and triethylamine (350 fii, 2.51 

10 mmol) and stirred at room temperature for 17 hours. The solvent was evaporated under a reduced pressure and the 
resulting residue was applied to a silica gel column chromatography (silica gel, 40 g). By eluting with a n-hexane:ethyl 
acetate system of from (1 :1) to (1 :3), 750 mg (87%) of the title compound [F1] was obtained as colorless amorphous. 
[0222] The same reaction was also carried out regarding 4-(R)-[1 -azido-1 -(2-pyridyl)methyl]-1 -[1 -(R)-phenylethyl]- 

2- pyrrolidone [F2] (50%). 
15 [F1]; 

1H-NMR (400 MHz, CDCI3) 6: 1 .39 (3 H, d, J = 7.20 Hz), 1 .44 (9 H, s), 2.37 - 2.42 (1 H, m), 2.48 - 2.54 (1 H, m) , 2.77 

- 2.79 (1 H, m) , 2.89 - 2.94 (1 H. m), 3.25 - 3.27 (1 H, m), 4.82 - 4.84 (1 H. m), 5.40 (1 H, q, J = 7.20 Hz), 5.89 (1 H, 
d. J = 7.32 Hz), 7.19 - 7.32 (7 H. m), 7.65 (1 H, dt, J = 1 .79, 7.69 Hz). 8.53 (1 H, d, J = 4.39 Hz). 

[F2]; 

20 1H-NMR (400 MHz, CDCI3) 5: 1 .42 (9 H, s), 1 .52 (3 H, d, J = 7.10 Hz), 2.24 - 2.26 (1 H, m), 2.66 - 2.72 (1 H, m), 3.01 
(1 H. dd, J = 8.33, 10.04 Hz), 3.35 (1 H, dd, J= 6.61, 10.04 Hz), 4.72 (1 H, t, J = 8.33 Hz), 6.46 (1 H. q, J = 7.10 Hz), 
5.61 (1 H, d, J = 8.33 Hz), 7.19 - 7.34 (7 H, m). 7.64 (1 H, dt, J = 1.72, 7.72 Hz), 8.52 - 8.54 (1 H, m). 

[Reference Example 34] 

25 

3- (R)-[1 -Tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]-1 -[1 -(R)-phenylethyl]pyrrolidine [F1], [F2] 

[0223] In an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (6.76 ml, 6.76 mmol) was added dropwise 
to a tetrahydrofuran solution (15 ml) of 4-(R)-[1 -tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]-1-[1-(R)-phenylethyl]- 

30 2-pyrrolidone [F1] (668 mg, 1 .69 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 
1 6 hours. After evaporation of the solvent under a reduced pressure, the resulting residue was mixed with 80% hydrous 
ethanol (15 ml) and heated under reflux for 4 hours in the presence of triethylamine (1 ml). After spontaneous cooling 
of the reaction solution, the solvent was evaporated under a reduced pressure, chloroform (50 ml) was added to the 
resulting residue and then the organic layer was washed with water (40 ml) and saturated brine (40 ml) and dried over 

35 anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied 
to a silica gel column chromatography (silica gel, 20 g). By eluting with a chlorofonnimethanol system of from (1 00:0) 
to (95:5), 600 mg (93%) of the title compound was obtained as white crystals. 

[0224] The same reaction was also earned out regarding 4- (R) - [1 -tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]- 

1- [1-(R) -phenylethyl] -2-pyrrolidone [F2] (87%). 
40 [F1]; 

iH-NMR (400 MHz. CDCI3) 6: 1 .34 (3 H. d, J = 6.43 Hz), 1 .47 (9 H. s), 1 .67 - 1 .70 (1 H, m), 2.23 - 2.35 (4 H, m), 2.67 
-2.69 (1 H,m), 2.86 -2.91 (1 H,m), 3.13(1 H, q, J = 6.43 Hz), 4.62 (1 H, t, J = 6.00 Hz), 6.35 (1 H, s), 7.10-7,13(1 
H, m), 7.13 - 7.33 (6 H, m), 7.57 - 7.62 (1 H, m). 8.50 (1 H, d, J = 4.16 Hz). 

[F2]; 

45 1H-NMR(400MHZ, CDCyS: 1.39(3H.d, J = 6.61 Hz), 1 .46 (9 H, s). 1 .71 -1.74(1 H, m),1.91 -1.94(1 H, m).2.22 

- 2.36 (3 H, m), 2.66 (1 H, s), 2.94 - 2.95 (1 H, m), 3.15 - 3.1 7 (1 H, m) , 4.60 - 4.63 (1 H, m), 6.60 - 6.69 (1 H, m), 7.04 
-7.08 (1 H. m), 7.21 -7.32 (6 H, m), 7.51 (1 H. dt, J = 1 .71 , 7.72 Hz), 8.47(1 H, d, J = 4.16 Hz). 

[Reference Example 35] 

50 

3-(R)-[1-Tert-butoxycart)onylamino-1-(2-pyridyl)methyl]-1 -benzyloxycarbonylpyrrolidine [F1], [F2] 

[0225] In an atmosphere of nitrogen, benzyl chloroformate (728 ^1, 5.09 nmol) was added dropwise to a dichlo- 
roethane solution (20 ml) of 3- (R) - [1 -tert-butoxycarbonylamino-1- (2-pyridyl)methyl]-1-[1-(R)-phenylethyl]-2-pyrroli- 
S5 dine [F1] (648 mg, 1 .70 nmol) under ice-cooling and then the mixture was heated under refulx for 30 hours. After 
evaporation of the solvent under a reduced pressure, the residue was applied to a silica gel column chromatography 
(silica gel, 40 g). By eluting with a chlorofomfi:methanol system of from (100:0) to (97:3), 500 mg (72%) of the title 
compound was obtained as white crystals. 
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[0226] The same reaction was also carried out regarding 3- (R) - [1-tert-butoxycarbonylamino-1 -(2-pyridyl)nnethyl]- 
1-[1-(R)-phenylethyl]pyrrolidine [F2] (61%). 

[F1]; 

IH-NMR (400 MHz, CDCI3) 5: 1 .40 - 1 .45 (1 H, m), 1 .42 (9 H, s), 1 .86 - 1 .94 (1 H, m), 2.59 - 2.62 (1 H, m), 3.04 - 3.11 
5 (1 H, m), 3.22 -3.33 (2 H,m), 3.54-3.58(1 H, nn), 4.66 - 4.72 (1 H, m). 5.09 (2 H, s), 5.71 -5.73(1 H, m), 7.16 - 7.34 
(7 H, m), 7.63 (1 H, dt, J = 1 .71 , 7.59 Hz), 8.53 (1 H, d, J = 3.92 Hz). 
[F2]; 

1H-NI\4R (400 MHz, CDCI3) 6: 1 .42 (9 H, s), 1 .58 - 1 .67 (2 H. m), 2.61 - 2.67 (1 H, m), 3.27 - 3.55 (4 H, m), 4.70 - 4.80 
(1 H, m), 5.10(1 H,s), 5.12(1 H,s),5.71 -5.78(1 H, m), 7.1 7 - 7.36 (7 H, m), 7.60 - 7.63 (1 H. m), 8.55 (1 H.s). 

10 

[Reference Example 36] 

3-(R)-[1 -Tert-butoxycarbonylamino-1 -(2-pyrjdyl)methyl]pyrrolidine fF1]> [F2] 

15 [0227] An etiianol (20 ml) solution of 3-(R)-[1 -tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]-1-benzyloxycarbo- 
nylpyrrolidine [F1 ] (500 mg, 1 .22 mmol) was mixed with 1 0% palladium-carbon catalyst (53.8% moisture, 500 mg), and 
catalytic hydrogenation was carried out at room temperature for 1 8 hours under ordinary pressure. The reaction solution 
was filtered and the solvent of the filtrate was evaporated under a reduced pressure to obtain the crude title compound 
as colorless crystals. This was used in the subsequent reaction without purification. 

20 [0228] The same reaction was also carried out regarding 3- (R) - [1 -tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]- 
1 -benzyloxycarbonylpyrrolidine [F2]. 

[Inventive Example 15] 

25 5-Amino-7-{3-(R)-[1 -amino-1 -(2-pyridy])methyl1-1 -pyn-olidinyl}-6, 8-difluoro-1 -[(1 R,2S)-2-fluorocyclopropyl]- 
1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 

[0229] 3- (R) - [1 -Tert-butoxycarbonylamino-1 -(2-pyridyl)methyl]pyrrolidine [F1] (339 mg, 1 .22 mmol) was added to 
an acetonitrile suspension (10 ml) of 5-amino-6,7,8-trifluoro-1-[2- (S) -fluoro-1- (R) -cyclopropyl]-1 , 4-dihydro-4-oxo- 

30 quinollne-3-carboxyllc acid (31 6 mg, 1 .00 mmol), and the mixture was heated under reflux for 1 4 hours In the presence 
of triethylamine (0.5 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. 
The resulting residue was dissolved in chlorofomri (150 ml), this was washed with 1 0% citric acid (80 ml) and saturated 
brine (80 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. 
The resulting residue was mixed with concentrated hydrochloric acid (10 ml) under ice-cooling, further mixed with 1 

35 mol/l hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chloroform (50mlx4), and 
the insoluble matter was removed by filtration. This hydrochloric acid aqueous solution was adjusted to an alkaline 
liquid property by adding 1 0 mol/l sodium hydroxide aqueous solution. This suspension was adjusted to a liquid property 
of pH 7.4 by adding concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chloroform 
(150 ml X 4). The resulting organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated 

40 under a reduced pressure to obtain the cm de title compound as light yellow crystals. This was purified by recrystalllzing 
from ethanol to obtain 316 mg (67%) of the title compound. 

1H-NMR (400 MHz, 0.1 mol/1 NaOD) 6: 1 .45 - 1 .47 (2 H, m), 1 .75 - 1 .77 (1 H, m), 2.25 - 2.27 (1 H, m), 2.48 - 2.50 (1 
H, m). 2.97 - 3.00 (1 H, m), 3.30 - 3.83 (5 H, m). 4.76 (1 H, br. d, J = 62.50 Hz). 7.35 - 7.44 (2 H, m), 8.52 (1 H, t, J = 
7.81 Hz). 8.12(1 H, s),8.46 (1 H, d, J = 4.39 Hz). 

45 

Melting point: 194- 196°C 

Elemental analysis: for 0.5H2O-0.5EtOH.C23H22F3N5O3 

Calcd.: C, 57.03; H, 5.18; N. 13.85. 
so Found : C, 57.03; H. 5.11; N, 13.85. 

[Inventive Example 16] 

5-Amlno-7-{3-(R)-[1 -amino-1 -(2-pyridyl)methyl]-1-pyn-olidinyl}-6, 8-difluoro-1-[(1 R,2S)-2-fluorocyclopropyl]- 
55 1 .4-dlhydro-4-oxoquinoline-3-carboxylic acid 

[0230] 3-(R)-[1-Tert-butoxycarbonylamino-1-(2-pyridyl)methyl]pyn'olidine [F2] (0.535 mmol) was added to an ace- 
tonitrile suspension (5 ml) of 5-amino-6, 7, 8-trif!uoro-1 - [2- (S) - fluoro-1 - (R) -cyclopropyl]-1 ,4-dihydro-4-oxoquinoline- 
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3-carboxylic acid (169 mg, 0.534 mmol), and the mixture was heated under reflux for 19 hours in the presence of 
triethyiamine (0.5 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. 
The resulting residue was dissolved in chloroform (50 ml), this was washed with 1 0% citric acid (40 ml) and saturated 
brine (40 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure, 

5 The resulting residue was mixed with concentrated hydrochloric acid (5 ml) under ice-cooling, further mixed with 1 mol/ 
I hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chlorofomn (50 ml x 5). This 
hydrochloric acid aqueous solution was adjusted to an alkaline liquid property by adding 10 mol/l sodium hydroxide 
aqueous solution and then stirred at room temperature for 1 hour. This suspension was adjusted to a liquid property 
of pH 7.4 by adding concentrated hydrochloric acid and 1 mol/( hydrochloric acid and then extracted with chloroform 

10 (150 ml X 3). The resulting organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated 
under a reduced pressure to obtain the crude title compound as light yellow crystals. This was purified by recrystallizing 
from ethanol to obtain 136 mg (54%) of the title compound. 

^H-NMR (400 MHz, 0.1 mol/l NaOD) 6: 1 .52 - 1 .54 (3 H, m), 2.49 - 2.51 (2 H, m). 3.41 - 3.86 (6 H, m), 4.69 - 4.77 (1H, 
m), 7.35 - 7.42 (2 H, m), 7.82 - 7.86 (1H, m), 8.17 (1 H, s), 8.46 (1 H, s). 

IS 

Melting point: 178 - 180°C 

Elemental analysis; for 0.75H2O-C23H22F3N5O3 

Calcd.: C, 56.73; H, 4.86; N. 14.38. 
20 Found : C, 56.50; H. 4.81 ; N, 14.29. 

[Inventive Example 17] 

5-Amino-7-{3-(R)-[1 -amino-1 -(2-pyridyl)methyl]-1-pyn'olidinyl}-6-fluoro-1 -[(1 R,2S)-2-fluorocyclopropyl]-1 .4-dlhydro- 
25 8-methyl-4-oxoquinoline-3-carboxvlic acid (F2: D91-5400) 

[0231] 3-(R)-[1-Tert-butoxycarbonylamino-1-(2-pyridyl)methyl]pyn'olidine [F2] (1 .00 mmol) was added to a dimethyl 
sulfoxide suspension (3 ml) of 5-amino-6,7-trifluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-8-methyl-4-oxoqui- 
noline-3-carboxyllc acid (284 mg, 0.910 mmol), and the mixture was stirred at 80°C for 93 hours in the presence of N- 

30 methylpiperidine (0.146 ml, 1.09 mmol). After cooling, the solvent of the reaction solution was evaporated under a 
reduced pressure. The resulting residue was dissolved in chloroform (50 ml), this was washed with 10% citric acid (50 
ml) and saturated brine (40 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under 
a reduced pressure. The resulting residue was applied to a silica gel column chromatography (silica gel, 40 g) and 
eluted with a chloroform:methanol system of from (100:0) to (98:2) and then the solvent in the eluate was evaporated 

55 undera reduced pressure. The resulting residue was mixed with concentrated hydrochloric acid (5ml) under ice-cooling, 
further mixed with 1 mol/l hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chlo- 
rofomn (50 ml X 4). This hydrochloric acid aqueous solution was adjusted to an alkaline liquid property by adding 10 
mol/l sodium hydroxide aqueous solution. This suspension was adjusted to a liquid property of pH 7.4 by adding con- 
centrated hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chloroform (150 ml x 3). The resulting 

40 organic layer was dried over anhydrous sodium sulfate, the solvent was evaporated under a reduced pressure and 
then the resulting residue was partially purified by PTLC (Whatman, PLK5F, 1 50 A) to obtain the crude title compound 
as light yellow crystals. This was purified by recrystallizing from isopropyl alcohol to obtain 70.0 mg (16%) of the title 
compound. 

1H-NMR(400MHZ, 0.1 mol/1 NaOD) 5: 1 .02 - 1.11 (1 H, m). 1.46-1.59 (2 H, m), 2.20 - 2.26 (1 H, m). 2.23 (3 H, s), 
45 2.58 - 2.61 (1 H, m), 3.13-3.17 (1 H, m), 3.45 - 3.64 (3 H, m), 3.87 - 3.92 (2 H, m), 4.78 - 4.83 (1 H, m), 7.34 - 7.45 
(2 H, m), 7.85 - 7.87 (1 H, m), 8.27 (1 H, s), 8.45 (1 H, s). 

Melting point: 127- 129°C 

Elemental analysis: for 1 .25H20-C24H25F2N503 

50 

Calcd.: C. 58.59; H, 5.63; N. 14.23. 
Found : C, 58.69; H. 5.52; N, 14.25. 

[Reference Example 37] 

55 

1 -[1 -(R)-Phenylethyl]-4-(R)-[(3-pyridyl)cart3onyl]-2-pyn-olidone 

[0232] In an atmosphere of nitrogen and at -78°C, n-butyl lithium (1.5 mol/l tetrahydrofuran solution; 18.1 ml, 27.2 
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mmol) was added dropwise to a tetrahydrofuran solution (200 ml) of 3-bromopyridine (2.61 ml 27.2 mmol), and then 
the mixture was stin-ed for 10 minutes. At -78°C, to this was further added dropwise a tetrahydrofuran solution (15 ml) 
of N-methyl-N-methoxy-1-[1- (R) -phenylethyl] -5-oxopyn'olidine-3-(R)-carboxamide (5.00 g, 1 8.1 mmol), and the mix- 
ture was stirred for 30 minutes. The reaction solution was mixed with 1 mol/l hydrochloric acid (1 00 ml), warmed up to 
5 room temperature and extracted with chloroform (200 ml x 2), and then the resulting organic layer was washed with 
saturated brine (1 00 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced pres- 
sure and the resulting residue was applied to a silica gel column chromatography (silica gel 100 g). By eluting with a 
n-hexane: ethyl acetate system of from (1 :4) to (0:100), 2.16 g (41%) of the title compound was obtained as a light 
yellow oil. 

10 1H-NMR (400 MHz. CDCI3) 5: 1 .56 (3 H, d, J = 7.32 Hz), 2.82 (2 H, d, J= 7.32 Hz), 3.20 - 3.27 (1 H, m). 3.70 - 3.74 (1 
H. m), 3.97 - 4.01 (1 H, m), 5.51 - 5.55 (1 H, m), 7.26 - 7.47 (6 H. m), 8.21 (1 H, d. J = 8.06 Hz), 8.81 (1 H, d, J = 4.39 
Hz), 9.09 (1 H, s). 

[Reference Example 38] 

15 

4-(R)-[1-Azido-1-(3-pyridyl)methyl1-1-[1-(R)-phenylethvl]-2-pvrrolidone fFH, rF2] 

[0233] Under ice-cooling, sodium borohydride (580 mg, 15.3 mmol) was added to a methanol (90 ml) solution of 

1- [1-(R)-phenylethyl]-4-(R)-[(3-pyridyl)carbonyl]-2-pyrrolidone (4.51 g, 15.3 mmol), and the mixture was stin-ed at the 
20 same temperature for 30 minutes. The reaction solution was mixed with saturated ammonium chloride aqueous solution 

(50 ml), stirred for 30 minutes and then extracted with ethyl acetate (1 00 ml x 3). The organic layer was washed with 
saturated brine (50ml) and then dried over anhydrous sodium sulfate. The solvent was evaporated under a reduced 
pressure to obtain 3.88 g (86%) of a synthesis intermediate 4-(R)-[1-hydroxy-1-(3-pyridyl)methyl]-1- [1- (R) -phenyle- 
thyl] -2-pyn'olidone as a colorless oil. This was made into a dichloromethane (1 00 mi) solution, mixed with triethylamine 

25 (3.10 ml, 22.3 mmol) and methanesulfonyl chloride (1 .52 ml, 19.7 mmol) under ice-cooling and then stin-ed at room 
temperature for 30 minutes. The reaction solution was washed with saturated ammonium chloride aqueous solution 
(1 00 ml) and saturated brine (1 00ml), the organic layer was dried over anhydrous sodium sulfate, and then the solvent 
was evaporated under a reduced pressure. The resulting residue was dissolved in N,N-dimethylformamide (30ml), 
mixed with sodium azide (2.49 g, 32.8 mmol) and then heated at 40°C for 14 hours. After ice-cooling, the reaction 

30 solution was mixed with water (100ml) and extracted with ethyl acetate (100 ml x 2), and the resulting organic layer 
was washed with water (80 ml x 3) and saturated brine (80 ml) and dried over anhydrous sodium sulfate. The solvent 
was evaporated under a reduced pressure and the resulting residue was applied to a silica gel column chromatography 
(silica gel: 100 g). By eluting with n-hexane:ethyl acetate (3:5), ethyl acetate and chloroform:methanol (90:10), 976 
mg (23%) of the low polarity title compound [F1 ] and 1 .73 g (41 %) of the high polarity title compound [F2] were obtained 

35 in succession each as a coloriess oil. 
[F1]: 

^H-NMR (400 MHz, CDCI3) 5: 1 .48 (3 H. d, J = 7.08 Hz). 2.54 - 2.64 (3 H, m), 2.82 - 2.86 (1 H, m), 2.96 (1 H, dd, J = 

5.86, 10.01 Hz), 4.44 (1 d, J = 7.33 Hz), 5.48 (1 H, q, J = 7.08 Hz), 7.21 - 7.62 (6 H. m), 7.64 (1 H, d. J = 6.10 Hz), 
8.54 (1 H, d, J = 1. 95 Hz), 8.63 (1 H, dd, J = 1.47, 4.86 Hz). 
40 [F2]: 

iH-NMR (400 MHz, CDCI3) 6: 1 .54 (3 H. d, J = 7.08 Hz), 2.11 - 2.18 (1 H, m), 2.26 - 2.33 (1 H, m), 2.56 - 2.68 (1 H, 
m), 3.13 - 3.20 (2 H, m), 4.43 (1 H, d, J = 9.28 Hz), 5.46 - 5.53 (1 H, m), 7.24 - 7.38 (6 H, m), 7.63 (1 H, dt, J = 1 .95, 
7.81 Hz), 8.57 (1 H, d, J = 2.20 Hz), 8.64 (1 H, dd, J = 1 .71 . 4.88 Hz). 

45 [Reference Example 39] 

4-(R)-[1-Tert-butoxycarbonylamino-1-(3-pyridyl)methyl]-1-[1-(R)-phenylethyi]-2-pyrrolidone [Fl], [F2] 

[0234] An ethanol (30 ml) solution of 4-(R)-[1-azido-1-(3-pyridyl)methyl]-1-[1-(R)-phenylethyl]-2-pyrrolidone [Fl] 
50 (976 mg, 3.04mmol) was mixed with 1 0% palladium-carbon catalyst (53.8% moisture, 1 .OOg), and catalytic hydrogen- 
ation was carried out at room temperature for 1 hour under ordinary pressure. The reaction solution was filtered, and 
the solvent of the filtrate was evaporated under a reduced pressure. A dichloromethane (20 ml) solution of the resulting 
residue was mixed with tert-butyl dicarbonate (729 mg, 3.34 mmol) and triethylamine (551 |il, 3.95 mmol) and stirred 
at room temperature for 1 6 hours. The solvent was evaporated under a reduced pressure and the resulting residue 
55 was applied to a silica gel column chromatography (silica gel, 20 g). By eluting with a chlorofomn: methanol system of 
from (100:0) to (95:5), 654 mg (54%) of the title compound [Fl] was obtained as coloriess amorphous. 
[0235] The same reaction was also carried out regarding 4-(R)-[1 -azido-1 -(3-pyridyl)methyl]-1 -[1 -(R)-phenylethyl]- 

2- pyrrolidone [F2] (36%). 
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[F11; 

^H-NMR (400 MHz, CDCI3) 6: 1 .41 (9 H, s), 1 .47 (3 H, d, J = 7.32 Hz), 2.44-2.50 (1 H, m). 2.57 - 2.64 (1 H, m), 2.63 - 
2.67 (1 H, m), 2.83 - 2.87 (1 H, m), 2.97 - 3.01 (1 H, m), 4.68 - 4.72 (1 H, m), 4.91 - 4.95 (1 H, m), 5.48 (1 H, q, J = 
7.32 Hz), 7.21 - 7.32 (6 H, m), 7.55 (1 H, d, J = 7.81 Hz), 8.52 - 8.55 (2 H, m). 
5 [F2]; 

^H-NMR (400 MHz. CDCI3) 6: 1 .39 (9 H, s) , 1 .53 (3 H, d, J = 7.17 Hz), 2.13 (1 H, dd, J= 8.08, 1 6.9 Hz), 2.27 (1 H, dd, 
J = 8.57, 16.4 Hz), 2.61 -2.65(1 H, m), 3.11 -3.16(1 H, m) . 3.25 - 3.30 (1 H, m), 4.62 - 4.66 (1 H, m), 4.77 - 4.81 (1 

H, m), 5.48 (1 H. q, J = 7.1 7 Hz), 7.26 - 7,36 (6 H, m), 7.54 (1 H, d, J = 7.35 Hz), 8.54 (2 H, dd, J = 1 .71 , 4.90 Hz). 

10 [Reference Example 40] 

3-(R)-[1 -Tert-butoxycarbonylamino-1 -(3-pyridy()methyl]-1 -[1 -(R)-phenylethyl]pyrrolidme [F1 ], [F2] 

[0236] In an atmosphere of nitrogen, 1 Mborane-tetrahydrofuran complex (7.74 ml, 7.74 mmol) was added dropwise 
^5 to a tetrahydrofuran solution (12 ml) of 4- (R)-[1 -tert-butoxycarbonylamino-1 -(3-pyridyl)methyl]-1 -[1 -(R)-phenylethyl]- 

2- pyrrolidone [F1] (612 mg, 1 .55 mmol) under ice-cooling, and then the mixture was stirred at room temperature for 
1 8 hours. After evaporation of the solvent under a reduced pressure, the resulting residue was dissolved in 80% hydrous 
ethanol (20 ml) and heated under reflux for 4 hours in the presence of triethylamine (1 ml). After spontaneous cooling 
of the reaction solution, the solvent was evaporated under a reduced pressure, chloroform (40 ml) was added to the 

20 resulting residue and then the organic layer was washed with water (30 ml) and saturated brine (30 ml) and dried over 
anhydrous sodium sulfate. The solvent was evaporated under a reduced pressure and the resulting residue was applied 
to a silica gel column chromatography (silica gel, 10 g). By eluting with a chlorofonn:methanol system of from (1 00:0) 
to (97:3), 461 mg (78%) of the title compound was obtained as white crystals. 

[0237] The same reaction was also carried out regarding 4- (R) - [1 -tert-butoxycarbonylamino-l - (3-pyridyl)methyl]- 
25 1-[1-(R) -phenylethyl] -2-pyrrolidone [F2] (71%). 
[F1]: 

1H-NMR (400 MHz, CDCI3) 6: 1 .37 (3 H. d, J = 6.59 Hz), 1.49 (9 H, s), 2.17 - 2.25 (2 H. m), 2.42 - 2.45 (2 H, m), 2.95 

- 3.16 (2 H, m), 4.53 - 4.57 (1 H, m), 6.44 - 6.48 (1 H, m), 7.21 - 7.35 (6 H. m), 7.52-7.54 (1 H, m), 8.46 (1 H, dd, J = 

I. 47,4.88 Hz). 8.50(1 H, s). 
30 [F2]; 

IH-NMR (400 MHz, CDCI3) 5: 1 .41 (3 H, d, J = 6.59 Hz), 1 .47 (9 H, s), 2.00 - 2.04 (2 H, m), 2.20 - 2.26 (1 H, m), 2.36 

- 2.41 (2 H. m), 3.14 - 3.21 (2 H, m), 4.53-4.56 (1 H. m), 6.99 - 7.01 (1 H, m), 7.10 - 7.13 (1 H, m), 7.26 - 7.35 (6 H. 
m). 8.35-8.39 (2H, m). 

55 [Reference Example 41 ] 

3- (R)-[1 -Tert-butoxycarbonylamino-1 -(S-pyridyQmethyljpyrrolidine [F1 ], [F2] 

[0238] An ethanol (1 0 ml) solution of 3-(R)-[1 -tert-butoxycarbonylamino-1 - (3-pyridyl)methyl]-1 - [1 - (R)-phenylethyl] 
40 pyrrolidine [F1] (1 05 mg, 0.275 mmol) was mixed with 1 0% palladium-carbon catalyst (53.8% moisture, 1 05 mg), and 
catalytic hydrogenation was carried out at 40° C for 23 hours under ordinary pressure. The reaction solution was filtered 
and the solvent of the filtrate was evaporated under a reduced pressure to obtain the crude title compound as colorless 
crystals. This was directly used in the subsequent reaction. 

[0239] The same reaction was also earned out regarding 3- (R) - [1-tertbutoxycart)onylamino-1-(3-pyridyl)methyl]- 
45 1 . [1 - (R)-phenylethyl]pyn'olidine [F2]. 

[Inventive Example 18] 

5-Amino-7-{3- (R) - [1-amino-1-(3-pyridyl)methyl]-1-pyrrolidinyl}-6, 8-difluoro-1 -[(1 R,2S)-2-fluorocyclopropyl]- 
50 1 ,4-dihydro-4-oxoquinoline-3-carboxylic add 

[0240] 3- (R) - [1 -Tert-butoxycarbonylamino-1 -(3-pyridyl)methyl]pyrrolidine [F1] (70 mg, 0.252 mmol) was added to 
an acetonitrile suspension (3 ml) of 5-amino-6,7,8-trifluoro-1-[2- (S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-4-oxcquin- 
ollne-3-carboxytic acid (87.0 mg, 0.275 mmol), and the mixture was heated under reflux for 19 hours in the presence 
55 of triethylamine (0.3 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. 
The resulting residue was dissolved in chlorofonn (50 ml), this was washed with 10% citric acid (40 ml) and saturated 
brine (40 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. 
The resulting residue was mixed with concentrated hydrochloric acid (2 ml) under ice-cooling, further mixed with 1 mol/ 
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I hydrochloric acid aqueous solution (2 ml) at room temperature and then washed with chlorofonn (30 ml x 4), and the 
insoluble matter was removed by filtration. This hydrochloric acid solution was adjusted to an alkaline liquid property 
by adding 10 mol/l sodium hydroxide aqueous solution. This suspension was adjusted to a liquid property of pH 7.4 
by adding concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then extracted with chloroform (150 ml x 
5 3). The resulting organic layer was dried over anhydrous sodium sulfate and the solvent was evaporated under a 
reduced pressure to obtain the crude title compound as light yellow crystals. This was purified by recrystallizing from 
ethanol-aqueous ammonia to obtain 65.1 mg (54%) of the title compound. 

1H-NMR (400 IVIHz, 0.1 mol/1 NaOD) 5: 1 .32 - 1 .38 (2 H, m), 1 .54 - 1.58 (1 H, m), 2.19 -2.21 (1 H, m). 2.30 - 2.35 (1 

H, m), 2.79 - 2.81 (1 H, m), 3.08 - 3.10 (1 H. m), 3.34 - 3.69 (41 H, m), 4.77 - 4.81 (1 H, dm), 7.43 (1 H. d. J = 7.57 
10 Hz), 7.79 (1 H: d, J = 7.57 Hz), 8.12 (1 H, s), 8.43 - 8.45 (2 H, m). 

Melting point: 263 - 265°C (decomp.) 
Elemental analysis: for 0.25H2O-C23H22F3N5O3 

15 Calcd.: C, 57.80; H, 4.74; N, 14.65. 

Found : C, 57.62; H, 4.81; N, 14.30. 

[Inventive Example 19] 

20 5-Amino-7-{3-(R)-[1 -amino-1 -(3-pyridyl)methyl]>1 -pyn-olidinyQ-e 8-difluoro-1 -[(1 R,2S)-2-fluorocyclopropyl]- 

I . 4-dlhydro-4-oxoquinoline-3-carboxylic acid 

[0241] 3-(R)-[1-Tert-butoxycarbonylamino-1-(3-pyridyl)methyl]pyn'olidine [F2] (0.461 mmol) was added to an ace- 
tonitrile suspension (5 ml) of 5-amino-6, 7, 8-trifluoro-1- [2- (S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-4-oxoquinoline- 

25 3-carboxylic acid (156 mg, 0.493 mmol), and the mixture was heated under reflux for 19 hours in the presence of 
triethylamine (0.5 ml). After cooling, the solvent of the reaction solution was evaporated under a reduced pressure. 
The resulting residue was dissolved in chloroform (50 ml), this was washed with 10% citric acid (40 ml) and saturated 
brine (40 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated under a reduced pressure. 
The resulting residue was mixed with concentrated hydrochloric acid (5 ml) under ice-cooling, further mixed with 1 mol/ 

30 I hydrochloric acid aqueous solution (5 ml) at room temperature and then washed with chlorofonn (50 ml x 5). This 
hydrochloric acid aqueous solution was adjusted to an alkaline liquid property by adding 10 mol/l sodium hydroxide 
aqueous solution, further adjusted to a liquid property of pH 7.4 by adding concentrated hydrochloric acid and 1 mol/ 
I hydrochloric acid and then extracted with chloroform (1 50 ml x 3). The resulting organic layer was dried over anhydrous 
sodium sulfate and the solvent was evaporated under a reduced pressure to obtain the crude title compound as light 

35 yellow crystals. This was purified by recrystallizing from ethanol to obtain 71 .5 mg (32%) of the title compound. 

1H-NMR (400 MHz, 0.1 mol/1 NaOD) 6: 1.36 - 1.45 (2 H, m). 1.53 - 1.59 (2 H, m), 2.42 - 2.47 (1 H, m), 3.40 - 3.81 (6 
H. m), 4.95 - 5.01 (1 H, dm), 7.46 (1 H, d, J = 6.35 Hz), 7.83 (1 H, d, J = 7.57 Hz), 8.18 (1 H. s), 8.44 - 8.48 (2 H, m). 

Melting point: 123- 126°C 
40 Elemental analysis: for 1 H20-C23H22F3N503 

Calcd.: C, 56.21; H, 4.92; N, 14.25. 
Found : C. 56.43; H, 4.87; N, 14.05. 

45 [Inventive Example 20] 

5-Amino-7-{3-(R)-[1 -amino-1 -(3-pyridyl)methyl]-1-pyn'olidinyl}-6-fluoro-1-[(1R,2S)-2-fluorocyclapropyl]-1^ 
8-methyl-4-Qxoquinoline-3-carboxylic acid 

50 [0242] 3-(R)-[1 'Tert-butoxycarbonylamino-1 -(S-pyridyOmethyllpyn-olidine [F2] (1 .60 mmol) was added to a dimethyl 
sulfoxide suspension (3 ml) of 5-amino-6,7-trifluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1 ,4-dihydro-8-methyl-4-oxoqui- 
noline-3-carboxylic acid (427 mg, 1 .33 mmol), and the mixture was stirred at 80°C for 1 61 hours in the presence of N- 
methylpiperidine (0.356 ml, 2.93 mmol). After cooling, the solvent of the reaction solution was evaporated under a 
reduced pressure. The resulting residue was dissolved in chlorofonn (100 ml), this was washed with 10% citric acid 

55 (50 ml) and saturated brine (40 ml) and dried over anhydrous sodium sulfate, and then the solvent was evaporated 
under a reduced pressure. The resulting residue was mixed with concentrated hydrochloric acid (5 ml) under ice- 
cooling, further mixed with 1 mol/l hydrochloric acid aqueous solution (5 ml) at room temperature and then washed 
with chloroform (30 ml x 4). This hydrochloric acid aqueous solution was adjusted to an alkaline liquid property by 
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adding 10 mol/l sodium hydroxide aqueous solution. This suspension was adjusted to a liquid property of pH 7.4 by 
adding concentrated hydrochloric acid and 1 nnol/l hydrochloric acid and then extracted with chlorofomri (150 oil x 3). 
The resulting organic layer was dried over anhydrous sodium sulfate, the solvent was evaporated under a reduced 
pressure and then the resulting residue was partially purified by PTLC (Whatman, PLK5F, 150 A) to obtain 100 mg of 
5 the crude title compound as light yellow crystals. This was purified by recrystallizing from isopropyl alcohol to obtain 
62.2 mg (10%) of the title compound. 

iH-NMR(400 MHz, 0.1 mol/1 NaOD) 5: 1 .04 - 1 .06 (1 H, m), 1.11 -1.13(1 H, m), 1 .45 - 1.49 (2 H. m), 1 ,58 - 1 .60 (1 
H. m), 2,23 (3 H, s). 2.56 - 2.59 (1 H. m), 3.14 - 3.16 (1 H, m), 3.49 - 3.51 (1 H, m), 3.59-3.62 (2 H, m), 3.85 - 3.89 (2 
H,m), 4.88 -5.04(1 H, dm), 7.46(1 H.s), 7.86(1 H, d, J= 7.34 Hz), 8.27 (1 H,s), 8.46(1 H, d, J = 4.89 Hz), 8.51 (1 H, s). 

10 

Melting point: 213 - 215°C 

Elemental analysis: for 0.5H2O-C24H25F2N5O3 

Caicd.: C, 60.24; H, 5.48; N, 14.64. 
^5 Found : C, 60.46; H, 5.46; N, 14.55. 

[0243] Antibacterial activities of the compounds of the invention were measured in accordance with the standard 
method specified by the Japan Society of Chemotherapy, with the results shown in the following table as MIC values 
(jig/ml). In this connection, MIC values of levofloxacin (LVEX), ciprofloxacin (CPFX) and 5-amino-7- [3- (R) - [1- (S)- 
20 aminoethyllpyrrolldin-1-yl]-6-fluoro-1- [2- (S) -fluoro-1- (R) -cyclop ropyl]-8-methyl-1 , 4-dihydro-4-oxoquinoline-3-car- 
boxylic acid (control drug 1 ) described in WO 9623782 are also shown for the sake of comparison with the MIC values 
of the compounds of the invention. 
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INDUSTRIAL APPLICABILITY 

[0244] The compounds of the invention are a quinolone compound represented by the following formula 




and a quinolone compound represented by the following formula 



or the following formula 




wherein the substituent R'^ is an aromatic substrtuent, which are useful as antibacterial compounds because of their 
excellent antibacterial activity against Gram-negative bacteria and Gram-positive bacteria and also against various 
drug-resistant strains. 

Claims 

1 . A compound represented by the following fonnula (I), its salts or hydrates thereof 
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5 




10 

{wherein R"" represents an aryl group having from 6 to 10 carbon atoms or a heteroaryl group, 

wherein the heteroaryl group may be a five-membered ring or a six-membered ring and may contain from 1 
15 to 4 hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein the aryl group and heteroaryl group may have one or more substituents selected from the group 
consisting of a halogen atom, hydroxyl group, thiol group, amino group, nitro group, cyano group, carboxyl 
group, carbamoyl group, phenyl group, an alkyi group having from 1 to 6 carbon atoms, an alkoxyl group 
having from 1 to 6 carbon atoms, an alkylthio group having from 1 to 6 carbon atoms, an alkoxycarbonyl group 
20 having from 2 to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and a heteroaryl group (a 

five-membered ring or six-membered ring containing from 1 to 4 hetero atoms optionally selected from nitrogen 
atom, oxygen atom and sulfur atom), 

wherein the alkyI group, alkoxyl group, alkylthio group, alkoxycarbonyl group, acyl group, phenyl group and 
heteroaryl group among them may have one or more substituents selected from the group consisting of a 
25 halogen atom, hydroxy! group, an alkoxyl group having from 1 to 6 carbon atoms and an alkylthio group having 

from 1 to 6 carbon atoms, and 

the amino group may have one or two substituents selected from the group consisting of formyl group, an 
alkyI group having from 1 to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and an alkoxy- 
carbonyl group having from 2 to 5 carbon atoms; 
30 r2 and R3 each Independently represents hydrogen atom or an alkyl group having from 1 to 6 carbon atoms, 

wherein the alkyl group may have one or more substituents selected from the group consisting of hydroxyl 
group, a halogen atom, an alkylthio group having from 1 to 6 carbon atoms and an alkoxyl group having from 
1 to 6 carbon atoms; 

R*, R5 and R^ each independently represents hydrogen atom, hydroxyl group, a halogen atom, carbamoyl 
35 group, an alkyl group having from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon atoms or 

an alkylthio group having from 1 to 6 carbon atoms, 

wherein the alkyl group among them may have one or more substituents selected from the group consisting 
of hydroxyl group, a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, as substituents; 

40 R7 and each independently represents hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 

Q represents a partial structure represented by the following formula 




55 [wherein R® represents an alkyl group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon 

atoms, a halogenoalkyi group having from 1 to 6 carbon atoms, a cyclic alkyl group having from 3 to 6 carbon 
atoms which may have a substituent, an aryl group which may have a substituent, a heteroaryl group which may 
have a substituent, an alkoxyl group having from 1 to 6 carbon atoms or an alkylamino group having from 1 to 6 
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carbon atoms, 

R^^ represents hydrogen atom or an alkylthio group having 1 to 6 carbon atoms, 

wherein R^^ and the aforementioned may be Integrated to form a ring structure by incorporating a part 
of the mother skeleton, and the thus formed ring may contain sulfur atom as a ring-constituent atom, and the ring 
may also have an alkyi group having from 1 to 6 carbon atoms as a substituent, 

R11 represents hydrogen atom, amino group, hydroxyl group, thiol group, a halogenomethyl group, an alkyI group 
having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 carbon atoms, an alkynyl group having from 
2 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon atoms, 

wherein the amino group may have one or two substituents selected from the group consisting of formyl group, 
an alky I group having from 1 to 6 carbon atoms and an acyl group having from 2 to 6 carbon atoms, 
when R"*^ is amino group, hydroxyl group or thiol group, they may be protected with a protective group; 

represents a halogen atom or hydrogen atom, 

represents nitrogen atom or a partial structure represented by the following fomnula (II) 



(wherein represents hydrogen atom, amino group, a halogen atom, a cyano group, a halogenomethyl group, 
a halogenomethoxyl group, an alkyI group having from 1 to 6 carbon atoms, an alkenyl group having from 2 to 6 
carbon atoms, an alkynyl group having from 2 to 6 carbon atoms or an alkoxyl group having from 1 to 6 carbon 
atoms, 

wherein the amino group among them may have one or two substituents selected from the group consisting 
of formyl group, an alkyI group having from 1 to 6 carbon atoms and an acyl group having from 2 to 5 carbon 
atoms, and 

X2 and the aforementioned R® may be integrated to form a ring structure by incorporating a part of the mother 

skeleton, and the thus fonmed ring may contain oxygen atom, nitrogen atom or sulfur atom as a ring-constituent 
atom, and the ring may also have an alkyI group having from 1 to 6 carbon atoms as a substituent), 

A2 and A3 each independently represents nitrogen atom or carbon atom, and A^ and A^ and the carbon atom, to 
which they are bonded, fomi a partial structure 



Y represents hydrogen atom, phenyl group, acetoxymethyl group, pivaloyloxymethyl group, ethoxycarbonyl group, 
choline group, dimethylaminoethyl group, 5-indanyl group, phthalidinylgroup, a5-alkyl-2-oxo-1 ,3-dioxol-4-ylmethyl 
group, 3-acetoxy-2-oxobutyl group, an alkyI group having from 1 to 6 carbon atoms, an alkoxymethyl group having 
from 2 to 7 carijon atoms or a phenylalkyi group composed of an alkylene group having from 1 to 6 carbon atoms 
and phenyl group]}. 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the formula (I) has a structure 
represented by the following fomiula 




(11) 



>C=C(-A"'=)-N(-R®)- 



or a partial structure 



>N-C(-A^=)=C(-R®)- 



and 
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or the following formula 




(wherein A\ R^, R""®, R^V and Y are as defined in the foregoing). 

The compound according to claim 1, its salts or hydrates thereof, wherein Q in the formula (I) has a structure 
represented by the following formula 




(wherein , R^, R^°, R^^ , X"" and Y are as defined in the foregoing). 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fomnula (I) is 6-carboxy-9-f luoro- 
2,3-dihydro-3- (S) -methyl-7-oxo-7H-pyrido[1,2,3-de] [1 .4]benzoxazin-1 0-yl group. 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the formula (I) is 8-amino-6-carboxy- 
9-fluoro-2,3-dihydro-3-(S) -methyl-7-oxo-7H-pyrido[1,2,3-de][1 .4]benzoxazin-10-yl group. 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fomnula (I) Is 3-carboxy-6-fluoro- 
1-[2- (S) -fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-oxo-1 ,8-naphthyridln-7-yl group. 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fomiula (I) is 3-carboxy-8-chloro- 
6-fluoro-1 -[2- (S) -fluoro-1-(R)-cyclopropyl]*1,4-dihydro-4'OXoquinolin-7-yl group. 

The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the formula (1) is 3-carboxy-6-f luoro- 
1 -[2-(S)-f luoro-1 -(R)-cyclopropyl]-8-methoxy-1 , 4-dihydro^-oxoqulnolin-7-yl group. 
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9. The compound according to claim 1 , its saits or hydrates thereof, wherein Q in the formula (I) is 3-carboxy-1 -[2-(S) 
-fluoro-1 -(R)-cyclopropyl]-8-methoxy-1 ,4-dihydro-4-oxoquinolin-7-yl group. 

10. The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fomula (I) is 3-carboxy-6-fluoro- 
1- [2- (S)-fluoro-1-(R)-cyclopropyl]-8-difluoromethoxy-1 ,4-dihydro-4-oxoquin olin-7-yl group. 

11. The compound according to claim 1 , Its salts or hydrates thereof, wherein Q in the fomnula (I) is 3-carboxy-1-[2- 
(S) -fluoro-1 -(R)-cyclopropyl]-8-difluoromethoxy-1 ,4-dihydro-4-oxoquinolin-7-yl group. 

12. The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fonnula (I) is 3-carboxy-6-f)uoro- 
1-[2- (S)-f luoro-1 -(R)-cyclopropyl] -8-methyl-1,4-dihydro-4-oxoquinolin-7-yl group. 

1 3. The compound according to claim 1 , its salts or hydrates thereof, wherein Q in the fonnula (I) is5-amino-3-cah30xy- 
6-fluoro-1 -[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methoxy-1 ,4-dihydro-4-oxoquinolin-7-yl group. 

14. The compound according to claim 1 , its saits or hydrates thereof, wherein Q in the fonnula (I) is 5-amino-3-carboxy- 
6-f luoro-1 -[2-(S)-f luoro-1 -(R)-cyclopropyl]-8-methyl-1 ,4-dihydro-4-oxoquinol in-7-yl group. 

15. The compound according to claim 1 , its salts or hydrates thereof, wherein Q inthefomiula (I) is 5-amino-3-carboxy- 
6, 8-dif luoro-1- [2- (S) -fluoro-1- (R) -cyclopropyl]-1 , 4-dihydro-4-oxoquinolin-7-yl group. 

16. The compound according to any one of claims 1 to 15, its salts or hydrates thereof, wherein R"" in the formula (I) 
is an aryl group having from 6 to 1 0 carbon atoms which may have a substituent. 

17. The compound according to claim 16, its salts or hydrates thereof, wherein R^ in the formula (I) is an aryl group 
having from 6 to 10 carbon atoms which may have a substituent, and its aryl group moiety is phenyl group or 
naphthyl group. 

18. The compound according to any one of claims 1 to 15, its salts or hydrates thereof, wherein R"" in the fonnula (I) 
is a heteroaryl group which may have a substituent. 

19. The compound according to claim 18, its salts or hydrates thereof, wherein R^ in the fomnula (I) is a heteroaryl 
group which may have a substituent, and its heteroaryl group moiety is furyl group, thienyl group, pyrrolyl group, 
oxazolyl group, isoxazolyl group, thiazolyl group, isothiazolyl group, imidazolyl group, pyrazolyl group, furazanyl 
group, pyridyl group, pyrazinyl group, pyrimidyl group, pyridazinyl group, triazinyl group or tetrazinyl group. 

20. The compound according to any one of claims 1 to 19, its salts or hydrates thereof, wherein the compound of 
formula (I) is a stereochemically pure compound. 

21 . The compound according to claim 1 , 2, 3, 1 6, 1 7, 1 8 or 1 9, its salts or hydrates thereof, wherein R^ is a cyclopropyl 
group having a halogen atom as a substituent. 

22. The compound according to claim 21 , its salts or hydrates thereof, wherein the cyclopropyl group having a halogen 
atom as a substituent is a 1 ,2-cis-halogenocyclopropyl group. 

23. The compound according to claim 22, its salts or hydrates thereof, wherein the cyclopropyl group having a halogen 
atom as a substituent is a stereochemically pure substituent. 

24. The compound according to claim 23, its saits or hydrates thereof, wherein the cyclopropyl group having a halogen 
atom as a substituent is a (1 R,2S)-2-halogenocyclopropyl group. 

25. The compound according to claim 24, its salts or hydrates thereof, wherein halogen atom of the cyclopropyl group 
having a halogen atom as a substituent is fluorine atom. 

26. The compound according to any one of claims 1 to 25, its salts or hydrates thereof, wherein each of R^, R^, R^, 
R7 and R8 is hydrogen atom. 

27. The compound according to claim 26, its salts or hydrates thereof, wherein R^ is an aryl group having from 6 to 
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1 0 carbon atoms which may have a substituent, or a heteroaryl group of f ive-membered ring or six-membered ring 
which contains from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen atom and sulfur atom and 

may have a substituent. 

28. A medicament which comprises the compound described in any one of claims 1 to 28, its salts or hydrates thereof, 
as an active Ingredient. 

29. An antibacterial agent which comprises the compound described in any one of claims 1 to 28, Its salts or hydrates 
thereof, as an active ingredient. 

30. A therapeutic agent for an infectious disease, which comprises the compound described In any one of claims 1 to 
28, its salts or hydrates thereof, as an active ingredient. 

31 . A method for treating a disease, which comprises administering the compound described in any one of claims 1 
to 28, its salts or hydrates thereof. 

32. A method for treating an infectious disease, which comprises administering the compound described in any one 
of claims 1 to 28, its salts or hydrates thereof. 

33. A method for producing a medicament, which comprises formulating the compound described in any one of claims 
1 to 28, its salts or hydrates thereof, as an active ingredient. 

34. A method for producing an antibacterial agent, which comprises formulating the compound described in any one 
of claims 1 to 28, its salts or hydrates thereof, as an active ingredient. 

35. A method for producing an infectious disease treating agent, which comprises formulating the compound described 
in any one of claims 1 to 28, its salts or hydrates thereof, as an active ingredient. 

36. Use of the compound described in any one of claims 1 to 28, its salts or hydrates thereof for the production of a 
medicament. 

37. Use of the compound described in any one of claims 1 to 28, Its salts or hydrates thereof for the production of an 
antibacterial agent. 

38. Use of the compound described in any one of claims 1 to 28, its salts or hydrates thereof for the production of an 
infectious disease treating agent. 
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1. IS aaiinsN08.:3K32 

because they relate to subject matter not required to be searched by this Authority, namely: 

The invention described in the subject matter of claims 31,32 relates to a 
method for treatment of the human body by therapy. 



2. Q Claims Nos.: 

because they relate to parts of the intematioDal application that do not comply with ihe prescribed requiremems to such an 
extent diat no meaningful international search can be carried out, specifically: 



3. n Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II ObscrvatioBS where unity of Invention Is teddng (Contlniuitloii of Item 2 of lint sheet) 



This Internationa] Searching Authority found multiple inventions in this international application, as follows: 



1. Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. As only some of the required additional search fees were timely paid by Ihe applicant, thia inleniatioaal search report coven 
only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the ^jplicant Consequently, this international 

search report is restricted to the invemion first mentioned in the claims; it is covered by claims Nos.: 



Rnsark on Protest Q The additional search fees were accompanied by the applicant's protest. 

|~| No protest accompanied the payment of additional search fees. 
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